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CLINICAL 


makes albuminuria simple, rapid 


BUMINTEST 


reagent tablets 


RAPID...detects albuminuria few seconds 
SIMPLE...no other reagents needed—no flame required 


RELIABLE ROUTINE...readily-observed turbidity produced 
only clinically significant albuminuria 


Supplied bottles 32, 100 and 500 reagent tablets. [Reagent solution (5%) 
is prepared by dissolving 4 Bumintest Reagent tablets in 
1 ounce (30 cc.) of water.] 


AMES COMPANY, ELKHART, INDIANA 
Ames Company Canada, Ltd., Toronto 


03756 


Safe, Rapid. 


RUBBER TUBING EXPANDER, ELLIOTT 
SAFETY TYPE (Patent applied for). For safe, 
convenient connection rubber tubing 
glass tubing without need for lubricant. 
Rubber tubing can stretched readily 
the open end for easy access cylindri- 
cal object. The stretch effected three 
parallel tines whose tips are simultaneously 
diverged system levers upon com- 
pressing the handles. The device chrom- 
ium plated metal with plastic grips and has 
been approved Safety Committee one 
the country’s largest industrial laboratories. 

operate, tines are inserted into end 
rubber tubing which can spread open 
squeezing the handles. The glass tubing 
guided between and slightly beyond ends 
the tines which are then unlocked 


EXPANDER 
for RUBBER TUBING 


Connects rubber tubing 


glass tubing without 


lubricant 


being inserted bore 
rubber tubing. 


pulling trigger. Tines are retracted without 
dislodging the glass tubing simply re- 
peating pressure handles. 

For use with rubber tubing from approxi- 
mately %-inch bore. Not intended 
for use with pressure vacuum tubing with 
thick, rigid wall, with plastic tubings such 
Tygon polyethylene, which are less 
elastic than rubber. 

Overall length inches permits con- 
nection tubing assemblies junctions 
which ordinarily might not accessible. 


Tubing Expander, Elliott Safety 
Type, above described. With directions for 
10% discount lots 12. 


More detailed information sent upon request. 


ARTHUR THOMAS COMPANY 
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nternational 


STANDARDS 


MODEL SBV CENTRIFUGE 


VERSATILITY 
swinging beads 
heads 
Multispeed ‘attachment heads 
Basket 
SPEEDS and FORCES — 
Adjustable speeds 
Multispeed attachment provides 
20,000 r.p.m. and 
CAPACITY 
Standard glass and plastic 
from 250 ml. 
Total maximum capacity 1000 ml. 


VERSATILITY accommodates 
swinging heads 
Angle heads 
Multispeed attachment heads 
Basket style heads 


SPEEDS and FORCES 
Adjustable speeds 5100 r.p.m. 
Multispeed attachment provides 


CAPACITY — 
Standard glassware from ml. 650 ml. 
Plastic containers 1000 
Total maximum capacity 


Throughout the world there are standards comparison 
for many products. For Laboratory Centrifuges that standard 
comparison is, invariably, International’s Sizé Size 
These Centrifuges are truly International Standards. 

International Equipment Company offers you the experi- 
ence more than fifty years specialization the design and 
manufacture of Centrifuges. Motors.and accessories, specifically 
designed for these machines, are,ecompletely manufactured in the 
International Plant, elimifiating the chance obsolescence 
for lack one its parts. Accessories are 
thoroughly tested and rated for the model which they are 
used. assure “follow-up” safety for the user, Speed and 
Force Tables are provided, giving performance expectations 
and safety limits for each combination accessories. 

With such built-in reliability, small wonder that bid 
specifications, government private, the world over, call 
for these International Centrifuges. 


International Equipment Co. 
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HIDDEN INFLAMMATION LIGHT WITH 


(C-Reactive Protein Antiserum, Schieffelin) 
For Detection Inflammatory Conditions Without False 
Positives 
time lost reconstituting C.R.P.A., which sup- 
plied stable solution. simple precipitation reaction 
ascertains the presence absence C-reactive protein. 


This test more easily interpreted than sed. rate read- 
positive tests not occur since CRP not 
present, even trace amounts, normal 


Both venous blood and blood obtained the “finger 
tip technique” (punctured for blood count) can 
used with equally reliable results. make the test pro- 
cedure fast and convenient new compact C.R.P.A. Test 
Kit now available: contains C.R.P.A., CRP-Positest* 
control solution, capillary tubes, test rack, and illustrated 
directions. 


Supplied: TEST KIT (for the complete procedure) 
ml. vials (80-110 determinations) 
0.5 ml. vials 


(Standardized test-control solution of C-Reactive Protein) 


CAPILLARY TUBE RACK 
CAPILLARY TUBES 
(Two sizes) 


*Trademark 
Control the one biggest variable 
Thromboplastin Solution Schieffelin 
SOLU-PLASTIN prestandardized, stable solution, ready for use 
combination with the 0.0125 molar Calcium Chloride (supplied with it). 
need for repeated dilution curves one single serves per- 
manent reference. May used with standard procedures for determi- 
nation both plasma prothrombin activity and serum prothrombin 
consumption time. 
Bottles ml. for 100 determinations, with standard dilution curve 
for reference. 


Pharmaceutical and Research Laboratories since 1794 


1. McEwen, C.: M. Clin. North America 39:353 et) 1955. 2. Stollerman, G. H.; 
Glick, S.; Patel, D. J.; Hirschfeld, L., and Rusoff, J. H.: Am. J. Med. 15:645 (Nov.) 1953. 
= Blanchard, E. W:: Am. J. M. Technol. 19:182 (July-Aug. ) 1953. 


COMPLETE DESCRIPTIVE BROCHURE TECHNIQUES AND MATERIALS REQUEST 


CANADA: WILLIAM SOFIN, LTD., 
MONTREAL 25, (P. 


v 


Provides known values for: lodine Prote 


Chloride Phosphorus, inorganic Potassium 
Cholesterol Non-Protein Nitrogen Sodium 
Calcium Urea Nitrogen Uric Acid 


NOT A SYNTHETIC —prepared from freshly drawn human blood 


ACCURATE AND STABLE—each production lot assayed by 3 independent 
laboratories. The 12 components consistently found reproducible 
and stable are charted for each lot. 


Available cc. vials, boxes per box. 
HYLAND LABORATORIES 


4501 Colorado Blvd., Los Angeles 39, Calif. © 252 Hawthorne Ave., Yonkers, N.Y. 


THE BORDEN COMPANY 


511 Lancaster St., Leominster, Mass. 


Reagents for Metal Ions: 


4-Quinoline carboxaldehyde 
Use: Uranium 
Alizarin, Murexide 
Use: Calcium 
p-Bromomandelie acid, 
p-Chloromandelic acid 
Use: Zirconium 
1,1-Dianthrimide 
Use: Aluminum 
acid 
Use: Cobalt 
2-Co-HydroxyphenyU-benzimidazole 
Use: Mercury 
Stabilized Diazonium Salts for 
Histochemistry: 
Anthraquinone-1l-diazonium chloride 
alpha-Naphthyl diazonium 
naphthalene 1,5-disulfonate 
Many others request. 
Special chemical synthesis invited. 
Data and catalog request. 


CHEMICAL DIVISION 


are prepared con- 
sider requests from profession- 
ally qualified investigators for 
experimental quantities vita- 


min the form d-alpha- 


tocopherol its derivatives. 
Address inquiries to: Dr. Norris 
Embree, Director Re- 
search, Products In- 
(Division Eastman Kodak 
Company). 


supplier 


industry 


bulk tocopherols 
the pharmaceutical 
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P&I 
Automatic 


RECORDING SPECTROPHOTOMETER 


Model RS-3* 


The P&I Recording Spectrophotometer RS-3 converts your present man- 
ual Beckman more sensitive line operated automatic record- 
ing instrument low cost. 


High accuracy—stability—resolution simplify and accelerate compound 
identification and permit quantitative studies analytical procedures, 
rapid kinetics, extinction coefficients, and differential colorimetry. 


Only the P&I RS-3 provides ALL these unique features: 


Linear Wavelength Scale— Uninterrupted scan, 
special charts tapes. 210-750 mz. 
moving light sources 
Stable Zero Line Automatic marking— 


every mz. 


Both O.D. Abs. are linear Low-Med-High Scan Speeds 
stand. high sens. scales 
Time Scale for Kinetics 


Constant resolution Line Operated 


For details, write: 


PROCESS INSTRUMENTS 


Stone Ave., Brooklyn 33, Pend. 
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LITTLE, BROWN COMPANY ANNOUNCES 
much needed and up-to-date manual 
Clinical Chemistry 
) 
PRINCIPLES AND PROCEDURES 
Joseph Annino, Clinical Chemist, 
Massachusetts Memorial Hospitals. 
This textbook intended fill the gap between the 
which present only the mechanics methods and the theoretical text- 
books which include many practical explanations mechanical 
details. 
presented TECHNICIAN level, and with the assumption that 
chemistry technicians are eager learn the rationale the mechanical 
operations which they perform. 
Part deals with basic principles and fundamental information. 
Part deals specifically with methods analysis. Throughout 
abounds time saving instructions immense value the performance 
everyday routine. 
The author was student the late Dr. John Peters, who read and 
criticized much the manuscript. other book like exists and will 
fill long felt need both teachers, students and the working technician. 
302 pages figures 
CLIP AND MAIL THIS COUPON NOW 
FOR YOUR EXAMINATION COPY 
1 34 Beacon St., Boston 6, Mass. 
Please send approval Name 
copy Annino CLINICAL 
examine the book without 
1 obligation and if not com- City & Zone i 
1 please bill me for $7.50. State (CC) 


SCINTILLATION 


DETECTOR WITH OPTIONAL ACCESSORIES... 


/4 
xX 


Optional accessories (A) (B) and (C) well scintillation crystals. Large lead col- 
limator (D) provides exceptional side shielding, accepts 20° flat field collimator (E) or special 
focusing collimator (F). Alpha and beta phosphors (G) are interchangeable with standard 1” crystal, 


FOR USE WITH STANDARD SCALERS 
GAMMA RAY SPECTROMETERS 


Nuclear-Chicago’s new Model DS-5 the first completely self- 


contained scintillation detector designed for basic counting for 
the revolutionary techniques gamma ray spectrometry, 
depth focusing, source scanning. This unique instru- 
ment—providing unmatched performance for your present re- 
quirements and quickly convertible the many new applications 
face the future. The most advanced scintillation counter 
the market, the new DS-5 inexpensive, reliable and easy 
operate. Write today for detailed specifications. 


SPECIFICATIONS 


Crystal— Normally supplied with 
crystal. Other size crys- 
tals and phosphors optional. 
lucite light pipe. Crystal can 
exposed directly path radiation. 
Phototube— 6292 protected 
magnetic shield. 

ring. External lead nose provides 
more lead sides. Accept- 
ance angle rear less than 25°. 


New one-tube feedback 


Nuclear Instrument and Chemical Corporation 
233 West Erie Street, Chicago 10, Illinois 


LEADERS MAKING RADIOACTIVITY COUNT 


amplifier provides gain two and 
cathode follower positive output for 
spectrometer use; gain with 
negative output for normal use. 
Band width sufficient for micro- 
second resolution. Provides pulse 
height limiting for spectrometer use. 


Operation (with crystal)— 
Plateau: 250 volts; slope/100 


Standard probe is quickly con- 
verted into a scintillation well 
counter by changing crystals and 
adding inexpensive base and 
shielding. 


, 


Easily accessible switch in hous- 
ing permits changing from pre- 
amplifier output for scaler or 
ratemeter use to cathode follower 
output for gamma ray spec- 
trometry work. 


ASLEAD NOSE ONLY 
B=20" LEAD COLLIMATOR 
C=FOCUSING COLLIMATOR 


= 
= 
3 
3 


DISTANCE 
(PERPENDICULAR TO AXIS IN CM! 


Response Curve 


volts. Background: Crystal exposed— 1250 cpm; with lead nose— 
160 cpm; with additional collimation—95 cpm. Detection 
efficiency microcurie cm): 4400 cpm. 


Hycel 


You can rely 
Scientific 
Products— 


Ainsworth balances 
American Optical 
microscopes 
B.B.L. culture media 
Barnstead stills 
Bausch & Lomb 
microscopes 
Beck Lee E.K.G. 
equipment 
Beckman 
instruments 
Becton-Dickinson 
equipment 
Berkeley radioisotope 
equipment 
Browne-Morse 
sectional cabinetry 
Christian Becker 


balances 
The PBI determination the ONLY TEST Clay Adams medical 
which directly measures thyroid function Coleman 
spectrophotometers 


measuring the ability produce circu- 
lating thyroxine. 

Combining specially designed equip- 
ment, purified reagents and simplified 
method, the Hycel System gives repro- 
ducible results +0.1 mcg%. 

Equipment includes reagents for over 
200 determinations and special equipment 
perform ten tests daily. Also in- 
cluded are Manuals describing method and 
interpretation. 
The Hycel System the result exten- 
sive research and testing 


Hormone Chemistry Labo- 

ratory. They offer corrobo- 
users. 


Coors porcelain 

Corning glass 

Dade serums 

DiSPo items—dis- 
posable specialties 

Hartman-Leddon 
chemicals 

Hycel clinical testing 
equipment 

International 
centrifuges 

Jewett refrigerators 

Kimble glassware 

Labline laboratory 
equipment 

Lindberg hotplates & 
furnaces 

Lipshaw tissue 
equipment 

Mallinckrodt reagent 
chemicals 

Matheson Coleman & 
Bell organic chem- 
icals 

Monaghan respiratory 
equipment 

Ohaus scales 

Precision scientific 
equipment 

Schieffelin 
pharmaceuticals 

SP laboratory 


specialties 
No. 53845—Hycel PBI System........$340.00 Spinco electrophoresis 
apparatus 
multiple set available containing sufficient rea 


Torsion balances 
Virtis virus & tissue 
equipment 
Warner-Chilcott 
pharmaceuticals 


gents for over 600 tests, and additional equipment 
for performing more tests daily. Our catalog 
No. 53846, sells for $1050.00. 


No matter what 
your laboratory 
needs—be sure 
consult your 


Scientific Products 


AMERICAN HOSPITAL SUPPLY CORPORATION 


New York Chicago Kansas City Minneapolis Atlanto Washington Dallas Los Angeles Son 


FOR PROTEIN BOUND IODINE DETERMINATIO 
| 
a F 
new 
your representative for further details. 


colorimetric blood chemistry methods, 
aqueous standards can misleading. Versatol 
multiple blood chemistry standard whole 
human serum, permitting easier, more pre- 
cise matching colors. This preparation du- 
plicates all the interfering substances the 
patient’s serum, including lipids, and checks all 
the procedures necessary the testing. 


last—a control for PBI. Versatol contains 
much-needed control for serum protein- 
bound iodine. Now, this important, delicate 
test can run without fear undetected 


Now! Convert colors” “oils” your laboratory 


contamination. addition, Versatol includes 
known normal concentration of: total nitro- 
total protein nonprotein nitrogen 
... Urea nitrogen 


Simple use: Versatol ready for use with 
just the addition distilled water, thus elimi- 
nating the tedious task preparing innumer- 
able solutions. further manipulations are 
necessary. 

Available from leading local laboratory supply 
distributors boxes ten vials, $21.00. 


Versatol 


Laboratory Supply Division, Morris Plains, New Jersey 
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LOMB 


Range! 


NEW TESTS, NEW APPLICATIONS 


Simple, inexpensive tests, helpful 

diagnosis coronary artery 

disease, can now made with 

Bausch Lomb Spectronic 

Colorimeters. Special adaptation, 

extending instrument range 

the U-V, makes assay 

serum glutamic-oxalacetic transa- 

minase routine clinical procedure. (De- 

tailed clinical method available 

Many other new tests, including vitamin 

assays, are made possible pinpoint 

tion any wavelength the 
range. 


SAME EASE, SPEED and DEPENDABLE ACCURACY 


Easy Tuning Radio! Dial instantly 
sets Certified-Precision diffraction grating 
desired wavelength; color filters 
fuss with. 


Fastest Readings! Simply insert sample tube; instant-acting meter gives exact 
percent transmission, optical density. Accurate Analyses! Narrow band pass 
(only assures highest spectral purity. clinical calibrations available. 


BAUSCH LOMB OPTICAL CO. 
75410 ST. PAUL ST., ROCHESTER 


plus references and charts. 


Send me B&L Spectronic 20 Catalog D-266. 


Send me 11-page reprint of ‘Clinical Method for 
Assay of Serum Glutamic-Oxalacetic Transaminase”’ 


| would like an obligation-free demonstration of the 
B&L Spectronic 20 Colorimeter at my convenience. 


ZONE........STATE..... 


LOW PRICE, DOUBLE VALUE 


Colorimeter plus spectrophotome- 
ter, (extended 
range slight extra 
cost), for less than the 
most colorimeters alone! 


MAIL COUPON TODAY 
FOR VALUABLE DATA! 


BAUSCH LOMB 


America’s only complete optical source... from glass to finished product. 
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CLINISTIX 


BRAND Reagent Strips 


specific enzyme test for urine glucose 


office testing 
- aa 


daily check mild diabetics, 
well-controlled diabetics 

new protective foil pouch 


utmost simplicity and convenience...A firm, easily handled 
Reagent Strip moistened with urine. 


qualitative Reagent Strip turns blue only glucose 
present. blue color—no glucose! 


(sy Ames Company, Inc « Elkhart, Indiana ¢ Ames Company of Canada, Ltd., Toronto 18256 


quick 
\ 
test 
} 
No. 7046 
wor 10008 | 
30 Terts Ne. 1830 
( CLINISTIX ) 
Specific test 
fe: wine seger 
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OVER 
20,000 

CHEMICALS 


? 
DELTA CHEMICAL WORKS, 
West 60th St. New York 23, 
7-6317 


Telephone: 


Index Advertisers 


American Hospital Supply 


Ames Company, cover, xiii, 3rd cover 


Bausch Lomb Optical Company xii 
HAE Chem-Tech Laboratories......... 
Delta Chemical Works, 
100% effective repeated use Distillation Products Industries......... 
Prevent cleansing-related variables, save 
time with Haemo-Sol; strips tubes and 
vessels proteins, oils, fats and all other Paul Hoeber, Inc......... xvii 
soils, leaves laboratory glassware not merely Laboratorie 
pletely rinsable, completely soluble, has low International Equipment Company 
surface tension and controlled pH. Because Little, Brown 
able the most exacting titrations and Meinecke Company, 


tests. Cleanse with Haemo-Sol for consist- 
ently accurate results—always. 


Nuclear Instrument and Chemical Corp.. .ix 


r} str Ss 

Ask about your special Process Instruments............... 

Standard Scientific Supply Corp.. cover 

225 Varick Street, New fork The Co......... iii 


Warner-Chileott 


when C-P clean 
NOT 
enough 


HARLECO 


HARTMAN-LEDDON COMPANY 
PHILADELPHIA PENNSYLVANIA 


AVAILABLE REPRESENTAT SUPPLY HOUSES 
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CHEMISTRY 


Information for Authors 


Original manuscripts will considered for publication with the understanding 
that they are contributed solely Address manuscripts 
the Chairman the Editorial Board, Harold Appleton, 
TRY, Box 123, Lenox Hill Station, New York 21, New York. 

The original (on bond paper) and first carbon the manuscript should 
submitted, triple spaced with ample margins all around. The author’s last name 
should appear each page. Separate pages should used for title page (with 
author’s name and affiliations), references, footnotes (when unavoidable), 
illustration legends, tables, and other inserts. 

and the design tabular matter should follow exactly the form 
used current issues this journal. Journal abbreviations should conform 
the style Chemical Abstracts. The accuracy the references and the provision 
adequate bibliographic data are the responsibility the author. 

reasonable allowance made for black and white line cuts and tabular 
composition. this allowance exceeded, halftones color plates are re- 
quired, special arrangements will have made with the Chairman the 
Editorial Board. 


Reprints must ordered when returning proof. free reprints are furnished. 


General Information 


Communications: All subscription and advertising inquiries should ad- 
dressed the publishers: Medical Book Department 
Harper Brothers, East 33rd Street, New York 16, New York. 


Subscription Rates: CHEMISTRY issued bimonthly, one vol- 
ume per year. The subscription price, payable advance, $8.00 the 
A., possessions, and countries the Pan-American Postal Union, $8.50 
per year Canada, $9.00 per year elsewhere. All subscriptions commence with 
the first issue the current volume. Single copies $1.50. Back issues will 
supplied the single copy rate when available. 
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HISTOCHEMISTRY 


ABORATORY 


NVESTIGATION TISSUE CULTURE 


journal experimental methods and pathology 


Laboratory Investigation, official journal the Interna- 
tional Association Medical Museums, essential 
addition the literature. reflects the stepped-up 
pace scientific progress presenting new and au- 
thoritative material from the most advanced frontiers 
medical science. 
Published bi-monthly, 500 pages year. per 
year and Pan-American Union, $10 
per year elsewhere. 
i 
i 
i 


Paul Hoeber, Inc., Publishers 


Medical Book Department Harper Brothers 
East 33rd Street, New York 16, New York 


REFERRED BIOCHEMICAL ANALYSES 


Transaminase; Hormone Assays; Protein-Bound Iodine Determinations; 
Toxicological Assays; Antistreptolysin Titers; and other 


difficult and time-consuming tests. 
Aa Services available nationally by Air Mail. Shipping containers with vials available on request 


Write for: List of Services, Literature, and Containers 


CHEM-TECH LABORATORIES 


AINALYTICAL-CLINICAL-RESEARCH 


S. 1. DULKIN, PH.D. OTTO E. LOBSTEIN, PH.D 


236%-238% SOUTH ROBERTSON BLVD , BEVERLY HILLS, CALIFORNIA 


CHECK ENCLOSED BILL ME 


MAIL TO: Paul B. Hoeber, Inc., Medical Book Department of Harper & Brothers, 


CLINICAL 

Issued Bimonthly Approx. 500 pages per year 
CHEMISTRY 

Please enter name subscriber, beginning with Volume Number January, 1956 

$8.00 per year U.S.A. $8.50 per year Canada 

and Pan American Union $9.00 per year elsewhere 


33rd St., N.Y. 
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FISHER SOLVENTS 


SAFETY-PACKED 


ONE GALLON 


CONTAINERS 


WAYS 
BETTER 


gallon 
packed shockproof double 
corrugated carton. 


more 
ard gallon measure eliminates 
costly odd-sized bottles, caps, 
cartons. 


uniform 
container simplifies handling, 
storing, ordering. 


assured gal- 
lon labeled with detailed ac- 
tual analysis. 


easier use— Bottle has 
safe pouring lip, deep threaded, 
quick acting cap. 


Note sturdy double carton 
with triple protected top 
and bottom. 200-fb test 
outer case holds 4 pre- 
packed ICC approved 275- 
Ib test inner cartons. 


standard packaging 
volume gallons, you can save time 
and money, well simplify the safe 
handling and storing Fisher Solvents 
you use. Each gallon bottle fully pro- 
tected against accidental breakage 
double, factory sealed corrugated carton 
that opened the point use. The wide 
flared lip makes pouring easy, keeps bottle 
clean. Packaged four one-gallon cartons each 
case for immediate shipment from all Fisher plants. 


ncluding these chemicals 
A-18 Acetone C-555 Cyclohexane C-187 Carbon Tetrachloride D-37 Methylene Chloride | 
B-245 Benzene A-399 n-Buty! Alcohol A-412 Methyl! Alcohol E-139 Petroleum Ether 
H-291 n-Hexan D-53 1,4-Dioxane M-209 Methyl Ethyl Ketone A-416 Iso-propyl Alcohol 

C-298 Chloroform E-145 Ethyl Acetate M-203 Methyl Acetate T-324 Toluene + X-5 Xylene ) 


Write for Chemical Index 119 Fisher Building, Pittsburgh 19, Pa. 


FISHER SCIENTIFIC 
America’s Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 
Buffalo Detroit Pittsburgh Montreal 
Chicago New York St. Toronto 


Boston Cleveland Philadelphia Washington 
xviii 


| 
/ 
~ > _ 
| 


CLINICAL 
CHEMISTRY 


VOLUME OCTOBER 1956 NUMBER 


CONTENTS 


Quantitative Electrophoresis Serum Proteins Paper 
Moses Wurm and Frederick 
Blood Measurement with the Glass Electrode: Study 
Venous and Fingertip Blood 
Samuel Natelson and Norbert Tietz 320 
Vitamin Excretion Index Hepatic Disorder 
Herman Baker, Pasher, Dolger, and Sobotka 328 
Plasma Fibrinogen Determination: Rapid Titration Method 
Arthur Rosenberg 331 
Serum Protein Analysis Electrophoresis and the Wolfson- 
Cohn Chemical Method: Comparative Study 
Nils Eriksen, Lester Ellerbrook, and 
Stuart 
Note the Identification Alkaloids Paper Chromatog- 
raphy Guy 347 
Simplified Rapid Technic for the Extraction and Determination 
Serum Cholesterol without Saponification 
Julius Carr and Drekter 


Multiple Determinations with 
phoresis Trwin Oreskes and Harold Corey 


Book 


Abstracts......... 


New, compact horizontal burner gives uni- 
form flame pattern. 


Three matched photoelectric cells provide 
optimum spectral response and decrease 
cell mortality. 


Built-in automatic gas regulator and con- 
trolled atomization give uniform combus- 
tion and excitation. 

Unique double glass and copper “chimneys” 
plus internal blower insure thermal stability. 
Low cost. One-third less than any compar- 
able internal standard photometer the 
market. 


THIS NEW INTERNAL STANDARD PHOTOMETER 
HAS ALL THESE FEATURES: 


Note Laboratory Directors 


Good technicians are hard find, 
harder keep. PATWIN has 
taken tip from the business ma- 
chine people and supplies these 
new photometers variety 
colors that have real eye appeal. 
Flow-form styling makes easy 
clean the case and the atomizer 
assembly. Your technicians will 
pleased with the good looks and easy 
operation PATWIN F-C. 


Product PATWIN INSTRUMENTS Division, Waterbury 20, Conn. 


PATWIN INSTRUMENTS Division 
The Patent Button Company, Waterbury 20, Conn. 


Please send additional information about the new 
Patwin F-C Photometer 


NAME 


ADDRESS 


PATWIN 
INSTRUMENTS 
Division 


THE PATENT BUTTON COMPANY 
WATERBURY 20, CONN. 
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Quantitative Electrophoresis Serum 
Proteins Paper 


Moses Wurm and Frederick Epstein 


CONSIDERABLE NUMBER STUDIES devoted the quantitative 
evaluation paper-electrophoretic patterns have left doubt the 
value the method accurate quantitative procedure. Some workers 
feel that paper electrophoresis cannot expected equal the repro- 
ducibility the moving-boundary technic virtue its relative crude- 
ness compared with the sensitive nature refractive index measure- 
ments. others, meaningful comparisons between the two methods are 
impossible priori, since the two methods measure different quantities 
mixture protein, lipid, and mucopolysaccharide one and protein 
alone the other. Finally, the quantitative aspects the interaction 
between protein dye and the measurement dye uptake have given 
rise difficulties interpretation (1). 
The present study reports paper-electrophoresis technic which, 
applied normal human serum, affords satisfactory resolution pro- 
tein components, reduces minimum disturbing factors which affect 


quantitative reproducibility, describes quantitative densitometric 
procedure which yields values comparable those determined elec- 
trophoresis moving-boundary apparatus, and establishes statistical 
confidence limits the results. 


now generally recognized that the two methods cannot ex- 
pected yield strictly identical results. Part this discrepancy due 
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the fact, already mentioned, that the two methods measure different 
chemical substances. Small errors are introduced account trailing 
paper electrophoresis; diagrams obtained moving-boundary elec- 
trophoresis, the other hand, are also subject difficulties interpre- 
tation (2). normal sera, however, the two methods should give 
least reasonably similar proportions for the various serum fractions. 
During our early were, therefore, disturbed find gross 
underestimation the albumin fraction densitometric evaluation 
paper electrophoretic patterns. Further work led the conclusion, re- 
ported since number independent investigators (2, 4), that this 
anomaly was caused deviations from Beer’s law higher concentra- 
tions. Our studies suggested that Beer’s law could replaced, under these 
circumstances, logarithmic between protein concentration 
and optical density readings (5). for the existence such 
relationship will given and discussed the present paper. 


EXPERIMENTAL MATERIAL AND METHODS 


Sample 


Ten consecutive pairs determinations the moving-boundary and 
paper-electrophor sis methods were carried out the serum single 
normal donor. This was done deliberately with the purpose eliminating 
the variables inherent multiple donors. Blood samples were taken 
during 5-week period order reduce the hazards 
prolonged storage. The values reported below, therefore, represent 
minimal degree the influence biologic variation and storage effects, 
and largely reflect the technical variations inherent the two proce- 
dures. 


Paper-Electrophoresis Technic 


The basic procedures involved paper electrophoresis have been 
extensively described the literature (6, 8). The used 
this study (Fig. [Plate 1]) was designed keep filter-paper strips taut, 
horizontal, and freely suspended moist atmosphere. Removable strip 
holders made possible dry patterns untouched 
position. removing holders, excess fluid the dependent part the 
strips was expressed passage through slots. This prevented gravita- 
tional shifts the separated protein zones prior 
drying. The large capacity—4 L.—of each buffer vessel, and the long dis- 


Paper electrophoresis apparatus manufactured Standard Supply Corp., 
New York, 


} 
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Fig. moving-boundary electrophoresis diagram, ascending limb. moving- 


boundary electrophoresis diagram, descending limb. 


Plate 


} 
Fig. Apparatus for paper-strip electrophoresis. 
Zz 
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protein pattern filter paper, stained with bromphenol blue after electro- 
phoresis for hours 160 volts, ma. corresponding protein distribution curve de- 
termined densitometry. Values under each peak represent relative concentration 
per cent total area. Ordinate: antilog optical density 10. Abscissa: distance along 
pattern. 
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tance—40 inches—between the ends the paper strips and each 
the platinum electrodes made possible carry out all the determina- 
tions reported here without the need changing the buffer verified 
repeated measurements. 

All experiments were performed room temperature using Whatman 
3MM filter paper which was wetted with barbital buffer 8.6 and 
ionic strength 0.05. direct current potential from variable 
voltage-regulated power supply gave current density 0.25 ma/cm. 
Although the major protein fractions could separated hours using 
higher current densities, operating the indicated current strength 
for hours avoided excessive evaporation from the migrating surface 
and fluid shifts, thus producing more regular patterns. 

operation, dry strips filter paper measuring 1.5 inches were 
clamped the strip holders, the ends were dipped into the buffer solu- 
tion, and the paper was allowed become uniformly wetted capillary 
movement. eliminate the sag the wet paper, the strip holders were 
adjusted without touching the paper that all strips were equally taut 
and horizontal. Undiluted serum, was applied the wet paper 
strip with melting point capillary narrow band. attempt was 
made apply uniform quantities. The length the band was approxi- 
mately 0.75 inches, thus leaving clear margin between the migrating 
proteins and the edge the paper strip. The line application was 
selected that the y-globulins remained the origin the completion 
the run. this time the strip holders were removed from the migra- 
tion chamber without disturbing the wet paper, placed oven 
90°, and the paper strips allowed dry horizontal position for 
minutes. The dry strips were then removed from the supports and re- 
heated for minutes 140° thoroughly fix the proteins. 


Staining 


Protein patterns were developed staining with Amidoschwarz 
10B according Grassmann and Hannig (9) with bromphenol blue 
according Durrum (10). The latter method was modified increasing 
the dye concentration 0.5 Gm. bromphenol blue/L. acetic acid 
saturated with mercuric chloride. This shortened the time staining 
minutes. Removal background stain was satisfactorily accom- 
plished rinsing for minutes each three baths acetic acid, 
followed final rinse for minutes acetic acid containing 0.5% 
sodium acetate. For the final drying the strip was again kept the oven 
horizontal position 140° until the proteins appeared dark blue 
bands. 


| 

| 

\ 
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Quantitation 


Relative protein concentrations were determined transmission 
measurements with photoelectric densitometer.? The dry, stained strip 
was centered over the slit diaphragm the light source and the base 
line corresponding 100 per cent transmission adjusted for blank region 
the filter paper. The strip was then advanced continuously over the 
scanning slit, plotting photometric values, defined below, the or- 
dinate whenever change 0.025 units the optical density scale was 
observed. pattern, extending over distance along the ab- 
scissa, was represented approximately eighty plotted values. smooth 
curve was drawn through these points and the different fractions were 
demarcated dropping perpendiculars from each the minima the 
base line. The relative amounts the individual serum protein com- 
ponents were determined planimetry the areas enclosed under each 
peak. 


Moving-Boundary Eectrophoresis 


Experiments were carried out Tiselius apparatus* using single- 
piece electrophoresis cell, barbital buffer 8.6 and ionic strength 
0.1, serum previously dialyzed for hours against this buffer. The 
electrophoretic diagrams recorded for the ascending limb the cell 
showed the major protein components clearly resolved. The descending 
boundary, the other hand, often showed less complete resolution, 
and the evaluation these patterns was complicated the presence 
the so-called beta-anomaly. The values here reported are therefore 
based the ascending boundaries although both boundary diagrams 
were recorded the end the run and intermediate stage elec- 
trophoresis. The ascending patterns were enlarged projection and 
careful tracing made the inner and outer edges the curve and base- 
line. mean curve and baseline were then constructed from which the 
relative protein concentrations were determined described for paper 
electrophoresis. 


OBSERVATIONS AND RESULTS 
Quantitation 


Direct photometry stained paper electrophoretic patterns human 
serum transmitted light, based the applicability Beer’s law, 


Model 525 Electronic Densitometer, Photovolt Corp., New York, 
Portable electrophoresis apparatus manufactured the American Instrument Co., 
Silver Spring, Md. 
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yielded values grossly different from those found moving-boundary 
electrophoresis. Our results indicated nonlinear relationship between 
dyestuff-protein absorbence and protein concentration. order de- 
termine the mathematical form this relationship, serial dilutions 
sample pooled human serum were prepared with normal saline, and 
equal volume each dilution was applied separate spot 
single strip filter paper. These paper strips were heat-fixed 140°, 
stained with either bromphenol blue Amidoschwarz 10B, dried, and 
scanned densitometer. Figure illustrates typical series optical 
density readings through these spots. The area integral optical 


density-distance O.D. under each peak total absorbence 


was measured planimetry and the values plotted against the respective 
serum concentrations. linear relationship was found exist between 
the logarithm protein concentration and total absorbence (Fig. 3). 
Similar results were obtained when the spots containing graded amounts 
protein were produced applying increasing volumes single 
serum dilution, when samples were applied short narrow bands. 
these instances the density distributions under each peak were less sym- 
metrical than illustrated Fig. but the total density areas were again 
directly proportional the logarithm the protein concentration (log 
O.D.). 
construct protein-distribution curve from the stained paper- 
electrophoresis pattern serum, the above relation was expressed 
antilog O.D. and the antilogarithm equivalents the optical den- 
sity readings (photometric values referred above) were plotted 
function distance migration. This allowed for the integration each 
area directly terms relative concentration and eliminated the need 
for graphic correction with the aid calibration curves (2, 4). The 
use calibration curve presupposes that the strip used for calibration 


2 
(83. 
10% 6.6% St 2.5% 2.2% 2s 


3.3% 2.8% 
SERUM CONCENTRATION 


@ 


OPTICAL DENSITY 


Fig. density readings through stained (Amidoschwarz 10B) spots produced 
applying equal volumes (0.04 ml.) serial dilutions serum Values paren- 
theses represent area integrals optical density-distance measured planimetry. 
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Fig. Semilogarithmic plot protein concentration and total absorbence values. 


C4 9 108 126 144 


and the experimental strip are treated and stained exactly the same 
way. While may possible achieve this with closely standardized 
technics, our experience difficult reproduce identical experimen- 
tal conditions from day day even from strip strip. Two series 
spots from single set serial dilutions serum will yield straight- 
line semilogarithmic plots relating concentration and optical density, 
but the total absorbence observed pairs spots equal concentration 
different paper strips will different. our method evaluation, 
slight individual variations the paper strips, staining reactions, 
handling strips size sample will not materially affect the result. 

Contrasting values observed when paper electrophoretic pattern 
was quantitated according the above method (log O.D.) and 
according Beer’s law O.D.) are illustrated Table With use 
the logarithmic formula, relative protein concentrations are shown 
correspond the analytical results obtained with Tiselius apparatus, 
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RELATIVE PROTEIN CONCENTRATIONS DETERMINED PAPER 
ELECTROPHORESIS 


Relative protein concentration (%) 


Stain Quantitation Method Globulins 
Albumin a B 7 
Bromphenol blue Beer’s law 39.8 7.0 14.3 17.4 21.6 
Bromphenol blue Log O.D. 60.1 3.8 8.1 12.6 15.4 
Amidoschwarz 10B Beer’s law 38.7 7.2 11.9 18.7 23.6 
Amidoschwarz 10B Log O.D. 59.0 4.0 6.9 13.4 16.8 
Moving 5.9 7.4 15.0 14.7 


irrespective the method staining, and the other case fall the 
range values frequently reported for paper electrophoresis normal 
human serum (11, 12). 


Comparison Free and Paper Electrophoresis 


typical set electrophoresis diagrams obtained the series 
determinations moving-boundary electrophoresis reproduced 
Figs. and (Plate 1). The corresponding stained protein pattern and 
photometric distribution curve for paper electrophoresis are shown 
Figs. and (Plate 2). half the paper strips, and 
fraction could resolved both visually and densitometrically, using 
both bromphenol blue and Amidoschwarz 10B. For purposes compar- 
ison the two methods electrophoresis employed, the values for these 
fractions were combined into single value. 

The results all determinations and their statistical evaluation are 
shown Table Two sets values are given for the moving-boundary 
method calculated the basis the areas enclosed the mean 
protein curve, and the mean and the upper baseline, respectively; use 
alternative baselines significantly altered the relative values for cer- 
tain protein fractions. compensate for the small number determina- 
tions each series, standard errors were calculated the basis N-3. 
statistical comparison the two methods electrophoresis, albumin 
values exhibited high degree identity .63) and and 
values were variance within experimental limits 1.96). Statis- 
tically significant differences, greater than level 1.96), were found 
the y-globulin and values. While reason for the latter 
apparent, the higher values for the relative y-globulin concentration 
found paper electrophoresis were probably due adsorption 


DETERMINED REPLICATE ANALYSES UsING AND 
ELECTROPHORESIS 


Determination Globulins 
a a2 B 
PAPER ELECTROPHORESIS 
63.1 4.1 7.4 11.0 14.4 
2b. 56.0 4.5 8.2 13.6 17.8 
57.9 3.7 7.6 11.4 19.4 
4b. 56.3 4.3 7.8 13.5 18.1 
5b. 60.9 2.8 7.6 13.0 15.7 
55.0 4.7 6.0 16.7 17.6 
63.5 2.5 6.2 13.6 14.3 
54.5 4.1 6.7 12.9 21.9 
9b. 55.3 4.4 7.9 20.0 
62.2 6.8 12.4 14.5 
FREE ELECTROPHORESIS (UPPER BASELINE) 
57.6 5.5 7.9 15.7 13.2 
56.7 4.5 12.2 14.5 12.1 
58.0 5.0 8.4 13.8 14.9 
62.0 3.5 14.6 
57.8 5.1 8.9 14.7 13.5 
58.9 4.2 9.2 13.4 14.3 
57.6 3.8 7.9 14.4 16.3 
60.9 4.9 8.2 13.1 12.9 
61.1 4.0 8.6 13.5 12.8 
60.7 8.1 13.4 13.8 
FREE ELECTROPHORESIS (MEAN BASELINE) 
54.6 5.0 13.0 14.8 12.5 
54.4 6.3 9.0 16.4 13.8 
56.8 4.2 9.1 16.6 
54.0 9.8 14.4 16.4 
53.5 6.2 10.5 15.5 14.2 
54.4 10.4 14.5 15.7 
53.5 4.9 9.3 15.0 17.2 
56.3 5.4 9.1 14.1 15.1 
57.7 5.3 9.5 14.0 13.4 
55.9 4.8 9.6 14.1 15.6 
FISHERS 
Paper and upper baseline 1.39 2.77 1.36 
Paper and mean baseline 2.45 4.00 5.29 2.50 2.11 
Upper baseline and mean 4.70 2.42 1.87 1.49 1.86 


baseline 


Standard errors calculated basis N—3 correct for small sample size. 
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other protein fractions upon passing through this zone. The over-all 
effect, furthermore, was yield slightly lower values for all other pro- 
tein components determined paper electrophoresis. 


DISCUSSION 


Our data, well those others (2, 14, 15) show that excellent 
reproducibility can achieved paper electrophoresis. order 
compare this procedure with the moving-boundary method, equally 
important consider the confidence limits expected from the latter. 
Our findings are good general agreement with those reported Bier- 
ring and Nielsen for the classical Tiselius and Antweiler apparatus (16) 
and those reported Redmond (17) and Cooper al. (18) for the ap- 
paratus used this study. appears justifiable conclude that paper 
electrophoresis closely approaches but does not equal the reproducibility 
the classical method. 


Differences and Limitations Methods 


Reproducibility the two methods being similar order does not, 
course, imply that the two methods are equivalent terms what they 
measure. Paper electrophoresis has the advantage measuring single com- 
ponents rather than mixtures proteins, lipids, and mucopolysaccharides. 
This counterbalanced some extent the disadvantage trailing (19, 
20), causing relatively greater errors the estimation the y-globulin 
fraction. Free electrophoresis, the other hand, also subject num- 
ber limitations (2), among which the following may mentioned: (a) 
that the observed values are dependent concentration; (b) that the 
observed values vary with the ionic strength the buffer used; (c) 
that the procedure depends upon changes refractive index and that this 
nonspecific measurement influenced the presence lipids and poly- 
saccharides; (d) that buffer gradients interfere with valid measurement 
the refractive index gradient due proteins; (e) that the resolving 
power different instruments require that either the ascending, the 
descending, both patterns evaluated. 


Choice Baseline 


Another uncertainty inherent the evaluation moving-boundary 
diagrams not often emphasized the literature relates the choice 
baseline position calculating relative protein concentrations. The 
Aminco apparatus equipped with control for varying the angle 
which the schlieren diaphragm intersects the image the light source 
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projected the schlieren lens elements. Changes this angle, 
control the vertical dimensions the electrophoretic pattern and permit 
more critical examination the gradient curve. The which 
simultaneously recorded with the refractive index gradient curve, 
produced beam light through narrow vertical slot the cell- 
holder mask which bypasses the cell channels. electrophoresis pro- 
gresses, the initial steep boundary between serum and buffer becomes 
more diffuse and the boundaries the different protein fractions appear 
individual peaks the diagram. That portion the which 
represents superimposition the gradient curve over the mechanical 
baseline appears noticeably wider the plates, due greater exposure. 
Since the mean baseline this region approximately coincides with the 
upper edge the image the mechanical baseline, this edge preferred 
reference line the planimetric evaluation the areas under the 
various maxima. 


Criteria for Comparison 


discussing the relative merits free and paper electrophoresis, 
Crook and associates (2) take the extreme view that resemblance the 
data obtained the two methods “‘can regarded nothing more than 
interesting and useful Mackay al. (15), the other 
hand, find that the two methods agree well the case normal sera 
and that, various pathologic conditions, general protein dis- 
very satisfactorily revealed the paper technique.”’ 
Part this controversy stems from attempt earlier workers 
assess the value paper electrophoresis determining how closely 
could made correspond data obtained the classical method. 

While there theoretical justification for such attempt 
rigid sense (2), the conclusions Mackay and co-workers (15) appear 
valid practice and agree with our experience. There are, however, 
two requirements for meaningful estimations paper-electrophoretic 
patterns: (a) comparable dye-binding for albumin and the different 
globulins, and (b) quantitative relationships between dye uptake, pro- 
tein concentration, and the measurement dye bound. 


Dye-Binding Capacity 


our studies, have assumed equal dye-binding for the different 
serum fractions. Cremer and Tiselius (21) originally reported that albu- 
min bound more dye than globulin and suggested correction factor 
1.6. and associates (22), however, showed that constant factor 


Vol. No. 1956 QUANTITATIVE PAPER ELECTROPHORESIS 315 


was adequate for this purpose and that each component required variable 
corrections. Albumin and y-globulin have been shown have equal affini- 
ties for binding dyes when measured directly paper but the protein- 
dye complexes responded differently elution (23, 24). Furthermore, 
incomplete “denaturation” can effect both decrease and increase 
dye binding different proteins, which their native states respec- 
tively show strong and weak affinity for dye anions (25, 26). Reheating 
the unstained patterns higher temperature insured adequate repro- 
ducibility our work. Durrum has also stressed the importance ade- 
quate heating (27). Franglen and Martin (28) found marked differences 
dye binding between albumin and y-globulin though, within actual 
working range, the differences would seem much less marked, shown 
earlier Grassmann and Hannig (9). Hardwicke (29), using elution, 
found evidence for differences dye-binding. While cannot 
denied that gamma-globulin might have slightly less affinity for dye than 
albumin (15), not feel that serious errors result from neglecting 
this phenomenon practice. 


Dye-Protein Interrelations 


The interrelations between protein concentration, dye binding, and 
dye measurement are more complex. Using elution, earlier workers found 
relatively excessive albumin values (7, 22, 30) explained the basis 
differences dye binding the different fractions, mentioned 
above. Surprisingly, other workers, including ourselves, evaluating 
patterns direct densitometry, frequently found albumin values con- 
siderably lower when determined paper than free electrophoresis. 
This phenomenon seemed due deviations from Beer’s law 
higher concentrations. Thus, Grassmann and Hannig (9) found devia- 
tions from Beer’s law beyond optical densities 0.7, unless the paper 
was made translucent; their diagrams show that maximal absorbence 
their patterns did not exceed that value. Similar findings were re- 
ported (31). linearity between optical density and 
concentration has been claimed for albumin-dye (32) and hemoglobin- 
dye (33) free solutions, even though calibration curves reveal sig- 
nificant deviations from linearity higher protein concentrations. 

Consequently, Beer’s law might appear valid for densitometric de- 
terminations protein stains paper, provided that only small quan- 
tities serum, well separated, used. fact, Mackay al. (15) ob- 
tained good results using serum, although these authors 
admit that the density the albumin band their studies frequently 
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exceeded the allowable upper density limit set them. Crook al. 
(2) find deviations from Beer’s law, even though they use only ul. 
serum, run for hours, while Griffiths (34), using much 100 
claims substantial agreement with Beer’s law. Cooper and his group 
(18), using applied spots instead bands, scanned with filtered, 
circular beam light, also see need correct for deviations from 
Beer’s law. Latner initially used Beer’s law (35) but later used 
modified procedure (3). Andersch and Barbusca (4) are likewise using 
corrected density curves. 

seems difficult correlate these divergent observations simple 
way, since each author uses technics differing many details. Never- 
theless, the use the logarithmic relationship between protein concen- 
tration and optical density which have described helps towards 
defining common denominator the densitometric evaluation elec- 
trophoretic While Crook al. (2) have proposed hyperbolic 
function describe the nonlinear relationship observed for the range 
protein concentrations usually encountered paper electrophoresis, 
find that the expression antilog O.D., when plotted directly, 
gives results which agree well with those obtained moving-boundary 
electrophoresis experiments. When dealing with small quantities pro- 
tein, linear plot total absorbence against concentration approxi- 
mates semilogarithmic plot sufficiently satisfy the observed data. 
This was confirmed additional experiments which quantities 
serum containing mg. protein were applied bands and 
dispersed short time electrophoresis give average protein densities 
and our logarithmic give similar answers within limited con- 
centration ranges. do, however, believe that the logarithmic func- 
tion may express more fundamental property stained spots paper. 

Thus, study quantitative chromatography, Mori (36) has 
shown that 

and 


which and represent, respectively, concentration, length and 
width chromatographed area and where and are constants. 
Under the experimental conditions employed, uniform distribution 
material across the width the chromatogram may assumed and, 
when scanning the chromatographed zone, therefore, the percent trans- 
mission may considered equivalent the width (W). suitable 


Vol. No. 1956 QUANTITATIVE PAPER ELECTROPHORESIS 317 


substitutions find that the concentration per unit length (C/L) may 
expressed as: 


and thus conforms with our observations. Other studies indirectly sup- 
porting the relation log O.D. include the observations that log 
proportional the area occupied the chromatographed material 
(37, 38), the maximum color density multiplied the area (39), 
the logarithm the length the spot (40). 

the foregoing considerations, deviations from Beer’s law were 
implicitly assumed due failure the part the stain density 
recorded the photoelectric cell, increase linear fashion the 
concentration protein per unit area increases. Recently, however, 
Franglen and Martin (28) reported experiments which indicated diminu- 
tion dye uptake with increasing protein concentration. Hardwicke 

(29), the basis similar findings, believes that this phenomenon 
due the fixed coagulum becoming impermeable the 
he, therefore, advises working low protein concentrations. Evidently 
this situation could also account for failure obtain linearity between 
protein concentration and total absorbence, irrespective deviations 
from Beer’s law. Even though some Franglen and Martin’s findings 
are difficult explain, recalculation their own data terms protein 
density would indicate that, under actual working conditions paper 
electrophoresis, densities are usually sufficiently low fall within part 
the curve where dye uptake approximately proportional protein 
concentration. Nevertheless, would seem advisable use small quan- 
tities serum paper electrophoresis; under our own experimental 
conditions, difficulties have been experienced with 


SUMMARY 


procedure for paper electrophoresis has been described which 
gives highly reproducible protein patterns with good resolution and 
freedom from distortions. 

Densitometry protein bands paper stained with bromphenol 
blue Amidoschwarz 10B reveals that the logarithm protein con- 

proportional optical density and that Beer’s law does 
not apply. Electrophoretic patterns normal human serum evaluated 
this manner give values close agreement with those obtained mov- 

ing-boundary electrophoresis. 

Confidence limits were determined for both methods. 
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ADDENDUM 


paper which appeared this journal our manuscript was about 


submitted for publication, Rees and Laurence maintain that Beer’s 
law valid within wide range for the quantitative densitometric es- 
timation protein paper (41). Our own data are not comparable since 
oiled paper was not used our studies. However, Grassmann and Han- 
nig (9), Crook al. (2), and Mackay al. (15) all used oiled paper and 
found deviations from Beer’s law optical protein densities below 
those reported Rees and Laurence being within linear range. The 
data Mackay al., particular, are comparable with those Rees 
and Laurence. The former authors find deviations from Beer’s law 
above for Amidoschwarz 10B while the 
latter, according their Figure and are still within linear range 
“surface protein 100 submit that cal- 
culation data according Beer’s law requires that the validity this 
law tested each time under the particular experimental conditions 
used. The logarithmic relation proposed us, the other hand, would 
seem apply irrespective the paper-electrophoretic densitometric 
method employed. 
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Blood Measurement with the 
Glass Electrode 


Study Venous and Fingertip Blood 


Samuel Natelson and Norbert Tietz* 


MADE DURING the routine estimation blood with 
the glass electrode noted that specimens fingertip blood often tended 
drift rapidly toward the alkaline side when exposed air 37° 
showed slower drift this direction under oil. This change was noted 
slower with specimens venous blood. 

The blood taken from fingertip vein under oil and cooled 
rapidly room temperature, did not tend drift. When exposed 
air room temperature, the fingertip blood drifted more rapidly 
the alkaline side, than did venous blood. 

patients with acidemia, with low plasma levels, this drift was 
not marked did not occur room temperature 37°, either under 
oil exposed air. 

was suspected that, since with fingertip blood the tendency rup- 
ture erythrocytes greater than when blood drawn from the vein 
and the proportion tissue juice greater fingertip blood than 
venous blood, the difference between venous and fingertip blood lay 
their respective carbonic anhydrase content. 

study was therefore set test the effect carbonic anhydrase 
and its inhibitor, Diamox (1) ,4-thiadiazole-5- 
sulfonamide), the drift the blood and plasma from normal 
individuals. 


From the Rockford Memorial Hospital, Rockford, 
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METHOD AND MATERIALS 
Carbonic Anhydrase 


Twenty-five mg. crystalline carbonic anhydrase! was dissolved 
ml. normal saline. This solution contained units/ml. when as- 
sayed the method Philpot (2). 


Diamox (40 mg./100 mi.) 


Forty mg. crystalline Diamox? was added 100 ml. normal saline 
Kahn shaker until dissolved. This solution would com- 
pletely inhibit the carbonic anhydrase solution, volume for volume 
within experimental error, when tested the method Philpot. 


Apparatus 


The for venous measured the instrument shown 
Fig. using the Beckman electrodes. The glass electrode used was ap- 
proximately mm. diameter with long shielded lead, used gas- 
tric measurements. The micro calomel electrode was the fiber type. 
The micro sleeve-type calomel electrode was also occasionally used, 
with observable difference results. The meter used was, first, 
the Model Beckman meter. Although relatively gross differences 
were measurable with this instrument (+0.04 units), for more ac- 
curate measurements (+0.01 units) instrument previously de- 
scribed was resorted (3). 


PROCEDURE 
Venous Blood 


Sterilized mineral oil was added sterile syringe, the syringe was 
lined with oil, and most the oil was expelled. The syringe was then 
kept wrapped cloth refrigerator until used. needle was fitted 
the syringe, some oil was expelled, and the was drawn from the 
vein without applying suction but drawing the barrel back fast the 
blood would flow. The needle was then removed and the blood added 
under the mineral oil contained test tube which had been previously 
kept the refrigerator. The blood was allowed clot and then centri- 
fuged for minutes. The serum and oil was poured over second 
cooled tube. 

Five milliliters serum were removed with syringe and transferred 
the container shown Fig. When measurements were taken 
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37°, the container Fig. was kept 37° bath, and after the serum 
was added thermometer was inserted place the calomel electrode. 
The container was rocked attachment acentric wheel motor 
rpm for 2-3 minutes allow for temperature adjustment. The 
thermometer was then replaced the calomel electrode and meas- 
urements taken. The initial values shown the graphs are measure- 
ments taken room temperature and corrected for the temperature 


Assembly for Measurement 


Fig. Assembly for measurement under controlled atmosphere and constant 
temperature. shielded lead from meter; rubber tubing; glass container; inlet 
for air glass bubbling tube; glass electrode; sample being measured; 
calomel electrode; lead meter; 10, outlet tube. 


coefficient blood (4). The first measurement 37° timed from the 
moment the blood reached that temperature. The remaining measure- 
ments were timed from that period. 

Measurements under oil were made with layer approximately 
oil above the serum. Measurements under per cent were 
taken bubbling through the serum (no oil) residual expired air the 
subject’s lungs, collected large plastic bladder which was rinsed 
repeatedly with residual expired air before filling. The air was quickly 
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flushed out through the bubbler with the residual expired air, and then 
the bubbles were passed through approximately two per second during 
the measurement. Measurements under air were taken bubbling air 
through the bubbler bubble per second. 


Fingertip Blood 


For fingertip blood, the blood was collected described previously 
(4) with tube 1.5 mm. bore. For measurements air was trans- 
ferred promptly the one-drop electrode (4). Measurements under oil 
were made adding oil the cup the one-drop electrode and adding 
the freshly drawn blood under the oil. For measurements 37° the 
meter with electrodes was kept 37° incubator for hour before and 
during the experiment. Blood was drawn from the fingertip and trans- 
ferred directly the one-drop electrode. 


Addition Carbonic Anhydrase and Inhibitor 


the experiments described, 0.1 ml. carbonic anhydrase solution 
(100 was added ml. serum unless otherwise specified. For 
fingertip blood the same ratio (50:1) was used, for 0.1 ml. whole 
fingertip blood. When Diamox was used, 0.2 ml. was added ml. 
serum, ratio 25:1. For 0.1 ml. fingertip blood, ul. Diamox 
solution were used. When carbonic anhydrase and Diamox were used 
together, the Diamox was always added first. When Diamox alone was 
added fingertip blood, calibrated collecting tube was used. The Dia- 
mox was added first and blood was drawn the 0.1-ml. mark and the two 

mixed, allowing the blood run back and forth the tube. 
Crushed erythrocytes were the saline-washed erythrocytes the pa- 
tient whose serum was being tested. The cells were hemolyzed me- 
chanical homogenization test tube. ml. venous serum, 0.05 
crushed red cells was added, ratio 100:1. This same ratio 
was used for fingertip serum when crushed red cells were added. The 
crushed-red-cell preparations contained approximately 1000 carbonic 
anhydrase units per milliliter about ten times that the carbonic 
anhydrase solution. When Diamox solution was used inhibit the eryth- 
rocyte carbonic anhydrase activity, 0.5 ml. was used for ml. serum 

and 0.01 ml. for 0.1 ml. fingertip serum. 


Readings 


intervals readings were taken shown Figs. and 
Only initial and terminal values are listed, however, Tables and 
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Table 


Sample 
Fingertip serum 25° 
Fingertip serum 37° 
Venous serum 
Fingertip serum Diamox 
Venous serum crushed red cells 
Venous serum crushed red cells Dia- 
mox 
Venous serum carbonic anhydrase 
Venous serum 


Addend to venous serum Initial pH 
None 7.40 0.02 
Diamox 7.41 0.02 
Carbonic anhydrase 7.40 0.02 
Carbonic anhydrase Diamox 7.40 0.03 
Crushed red cells 7.38 0.03 
Crushed red cells Diamox 7.39 0.03 


residual expired air the subject. 


Table 


Addend to venous serum 108 Initial pH 
None 7.40 0.02 
Carbonic anhydrase 0.02 
Diamox anhy- 7.41 0.03 


drase 


Crushed red cells 


bo 


Initial COs 
content (mM/1.) 


Initial COz 
content (mM/1.) 


NATELSON TIETZ 


Initial 


7.38 
+0.03 
7.38 
+0.03 
7.42 
+0.01 
7.42 
7.38 
7.40 
+0.02 
7.42 


Oe 


Final pH 


ana oa o 


Final pH 


7.40 
7.43 
7.56 
7.55 
7.53 
7.53 


0.02 
0.03 
0.03 
0.03 
0.02 


7.52 0.02 
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MINUTES) 


Initial COs Final COs 
content Final pH content 
(mM/1.) (mM/1.) 

19.5 7.82 17.4 
+0.03 +2.0 
19.5 7.96 16.1 
+2.1 
24.1 20.2 
+1.8 +0.02 +1.9 
19.3 7.76 16.9 
+1.3 
22.2 7.93 17.8 
+1.4 +0.03 +2.3 
22.2 7.78 19.9 
+1.4 +0.02 
24.1 7.94 18.9 
+1.8 +2.0 
24.1 7.72 21.0 
+1.8 +0.02 +1.9 


Final CO2 
content (mM/1.) 


Final COs 
content (mM/1.) 


24.4 
24.3 
24.1 
24.3 
24.0 


nore 


23.6 2.5 
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The general shape these curve simulated those Figs. and 
The CO, content values used were obtained the beginning and end 
minutes, shown the tables. 

The content was estimated micromanometric gasometer 
previously described (5, 6). For capillary blood this determination was 
made plasma after centrifuging, before and after the determina- 
tions. The venous and capillary blood was drawn from apparently 
healthy blood donors. 


DISCUSSION 


apparent from Fig. that when carbonic anhydrase inhibitor 
added fingertip blood marked reduction the rate drift air 
observed. When carbonic anhydrase added venous serum the rate 
drift may made simulate that fingertip blood (Fig. 2). This 
drift air due part less seen from Table Figure 
shows further that crushed red cells may substituted for carbonic 
anhydrase with similar results. noted that room tempera- 
ture the both fingertip blood and venous blood serum will 
drift rapidly toward the alkaline side when exposed air. 

Under oil, which was found not inhibit the enzyme activity, the 
while 20° such drift occurs. This suggests that practical method 
performing this test allow the blood, collected under oil, cool 
rapidly room temperature, and perform the test under oil the 
separated serum. This necessitates temperature correction deter- 
mined for the particular instrument used. prefer compare the 
the unknown serum that healthy control, discussed 
earlier publication (4). 

Since change content occurs when measurements such 
those shown Fig. are made, suggested that the over-all change 
taking place the serum may represented follows, equilibrium 
being approached from the left right: 


Thus, some HCO; ion replaced ion, the serum becoming more 
alkaline. The dissolved CO, has effect the pH. The reason for lack 
drift observed severe acidemia with low content then becomes 
obvious since only small amounts bicarbonate are available for pro- 
duction hydroxy] ions. 

This same phenomenon observed when the serum equilibrated 
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with residual expired air, referred Fig. per cent 
noted that the content remains constant while the drifts 
mean value approximately 7.55. Carbonic anhydrase accelerates 
this drift but does not change the point equilibrium would nor- 
mally expected. Tables and indicate that the effect carbonic anhy- 
drase accelerate the attainment equilibrium while Diamox acts 
only inhibit the action carbonic anhydrase. 

These experiments may interpreted indicating that the body 
the 7.40 normally found not point equilibrium but dy- 
namic state maintained balance between the rate bicarbonate 
formation, the rate the splitting the bicarbonate, and the rate 
excretion They may also interpreted indicating that cer- 
tain changes take place serum 37° when removed from the living 
organism and placed glass-electrode system. The authors are in- 
clined accept the former explanation since the human organism 
whole dynamic state and not equilibrium. 


SUMMARY 


study has been described explain the tendency fingertip blood 
from normal individuals drift alkaline more rapidly than the 
blood venous serum 37°. This occurs even under oil and without 
loss Evidence offered indicate that this phenomenon due 
the release carbonic anhydrase greater concentrations into the 
serum when the finger punctured than when venipuncture per- 
formed. explanation offered for the fact that serum from patients 
acidemia with low content will not drift 37°. 

suggested that blood determinations made collecting 
the specimen under oil, cooling rapidly room temperature, and per- 
forming the determination under oil the separated serum. 
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Vitamin B,, Excretion Index 
Hepatic Disorder 


Herman Baker, Pasher, Dolger, and Sobotka 


URING STUDY concerning the role vitamin diabetes (1), 
was noted that number cases this study failed excrete more than 
intramuscular load dose the vitamin. All these pa- 
tients had history liver disease some form hepatic insufficiency. 

The storage vitamin the liver has been studied extensively 
Meyer al. (2) and Glass al. using radioactive Co® tracer 
for the vitamin. They demonstrated that the radioactive material ac- 
cumulates the liver and can measured with directional scintillation 
counter over this organ. This was especially prominent patients 
with pernicious anemia when potent source intrinsic factor was given 
the same time. 

Rachmilewitz al. (4) studied cases acute cirrhosis 
the liver and found that these cases, the vitamin content the 
serum was very high; with subsidence jaundice, the concentration 
decreased normal levels. This study points the additional binding 
liver disease and indicates the importance healthy liver for 
storage. liver disease the liver stores are apparently depleted; 
hence the increased bound the serum. 

This paper reports the decreased excretion intramuscular 
cases liver involvement and the gradual increase normal levels dur- 
ing the period convalescence. 


MATERIAL AND METHODS 


The assay vitamin was carried out using three different or- 
ganisms; Lactobacillus leichmannii, Euglena gracilis, and Ochromonas 
malhamensis. These organisms were used order compare the 
excretion values, using independent systems. The materials and methods 
have been outlined Baker al. (5). 
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RESULTS AND COMMENTS 


Table shows the clinical diagnosis and comparative assay results 
this study. The values with leichmannii are higher than with the 
other two organisms. This due the increased utilization desoxy- 
ribosides present the urine, point which has been treated Baker 
al. (5). These results point the increased absorption vitamin 
after administration intramuscular dose, patients with 
clinical diagnosis liver involvement. 

some cases, the results not agree with the clinical diagnosis 
convalescence, and this point which makes the excretion 
valuable aid the clinical evaluation convalescence liver disease. 
can noted that some patients who were considered clinically con- 
valescent, still did not excrete normal amounts the vitamin. 


Bis excreted (ug.) 
Patient Age Sex Diagnosis 
Ochromonas Euglena Lactobacillus 
malhamensis gracilis leichmannii 
Normal control 39.8 36.2 50.2 
H.D. Normal control 33.5 55.6 
RS. Normal control 23.8 24.5 48.7 
A.W. Obstructive jaundice, conva- 0.6 0.5 1.2 
lescent 
G.G. Pneumonia and hepatitis 1.0 2.4 3.0 
L.P. Jaundice 1.9 0.7 3.8 
pneumonia, recovered 2.5 4.2 8.3 
Pneumonia 3.6 5.6 9.9 
A.V. Portal cirrhosis 4.1 6.9 8.5 
L.L. disease 6.3 11.6 16.8 
A.D. tract disease 8.1 8.1 14.4 
Schistosomiasis 9.3 9.5 12.5 
Infectious hepatitis, conva- 10.0 16.1 19.5 
lescent 

Ketosis 1.0 2.9 10.6 
Pancreatitis 1.5 1.7 5.0 
N.R. Diabetic retinopathy 3.6 4.8 6.6 
Angina pectoris 4.1 7.8 10.8 
K.H. Pulmonary emphysema 5.2 3.6 8.9 
Heart disease 8.1 10.2 20.4 
Neurologic disease 9.2 5.5 11.5 
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Vitamin being normal metabolite, would not make for undue 
metabolic derangement, such can caused the various methods used 
for chemical evaluation liver function, and can the indicator system 
choice judging whether patient considered clinically cured. 
high excretion after load test indicates that the liver has again 
become capable storing and that the increased amounts 
from injection are longer required for normal metabolic activity the 
organ. 

Four cases included this study were convalescing from attacks 
pneumonia. The role the liver pneumonia infections well known, 
and this study shows, these patients have decreased excretion 
possibly due the effect the infection upon the liver. None the 
patients with liver disease, except some convalescing, excreted more than 
ug. the load dose, measured the and Ochro- 
monas assay methods. From cases reported, cases excreted below 
vitamin Thirteen these had history liver involvement. 
Seven cases without liver involvement excreted below the nor- 
mal controls all excreted between ug. the load dose. 

This study being extended and the various types liver involvement 
are being categorized determine the extent which excretion 
correlated with liver involvement. The technic offers aid detecting 
how extensive the liver damage and what point convalescence has 
progressed. 
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Plasma Fibrinogen Determination 


Rapid Titration Method 


Arthur Rosenberg 


DETERMINATION PLASMA FIBRINOGEN indicated when ex- 
cessive and continuous bleeding occurs, especially obstetrics, follow- 
ing extensive surgical procedures, and advanced liver disease. The 
rapid method outlined below, modification the procedure described 
Schneider (1), practical for determining the presence and extent 
afibrinogenemia. 


Reagents 
Physiologic saline. 


0.25% Aqueous methylene blue. 


Thrombin, 100 units per ml.: Remove cap and rubber stopper 
from vial containing 1000 units powdered thrombin. Add ml. dis- 
tilled water the vial and rotate gently for few minutes dissolve the 
powder. Insoluble material will not interfere with the test. The recon- 
stituted material good for hours when stored refrigerator and 
removed only for use. 


Specimen 
Centrifuge oxalated blood specimen for minutes and separate 


plasma (at least 1.5 ml. plasma required). Either potassium oxalate 
ammonium-potassium oxalate may used. 


METHOD 


Pipet 1.0 ml. saline into each ten mm. test tubes held 
rack. 
From the Laboratory Service the Veterans Administration Hospital, Albany, 
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Add 1.0 ml. plasma the first tube and mix well. 

Serially dilute 1.0 ml. from the first tube through the remaining nine 
tubes. Plasma dilution equivalents are 16, ete. 

Add drop 0.25% methylene blue each tube. 

Add 0.2 ml. thrombin solution the first tube. Remove the tube from 
the rack once, and shake gently for about seconds; return the 
tube the rack and proceed with each tube the same manner. 

Permit rack tubes stand undisturbed room temperature for 
minutes. 

Pipet ml. saline into each tube. not shake rack tubes. 

Read once the highest dilution showing definite clot. Most the 
methylene blue will retained the clot, yielding tube with 
two-hue color phase. The methylene blue tends distribute itself 
evenly through the fluid the tube when clot present and 
one-hue color phase results. 

Report the highest dilution with clot titer: i.e., Fibrinogen titer 
128. 

normal plasma control should set the same time. 


INTERPRETATION 


The plasma fibrinogen titer reflects the available coagulable protein 
semiquantitatively. Parallel quantitative determinations fibrinogen 
protein nitrogen (2) have shown that when titer 128 higher 
obtained fibrinogen content excess 200 mg./100 ml. titer 
indicates fibrinogen present concentration mg./100 ml. 
titer less indicates fibrinogen under 100 mg./100 ml. Abnormal 
bleeding may occur when the fibrinogen level approaches titer 
less. 


DISCUSSION 


Frequent determinations fibrinogen titer may useful following 
the therapeutic administration whole blood blood components 
hemorrhagic situations where low absent plasma fibrinogen tem- 
porary continuing complication. emergency situations the titer 
quickly reflects available fibrinogen, and eliminates need for more labor- 
ious and time-consuming biochemical method. 

Methylene blue added only permit unstrained visualization the 
clot endpoint. 
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Time and character clotting, test factors employed Bonsnes 
(3), are not utilized the method herein described. 
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SECOND INTERNATIONAL CONGRESS CLINICAL CHEMISTRY 


The Second International European Congress Clinical Chemistry will 
take place Stockholm, Sweden, August 19-23, 1957. Free papers will 
read but some actual topics the field will reviewed invited specialists. 
The Congress will combined with international exhibition laboratory 
instruments. Organizing committee: Bertil Josephson, chairman, St. Erik’s 
Hospital, Stockholm; Kjell Agner, general secretary, Serafimer Hospital, 
Stockholm; Norberg, treasurer, Sabbatsberg’s Hospital, Stockholm; 
Ingemar Jungner, exhibition manager, Epidemiologic Hospital, Stockholm. 
The address the Congress Box 12024, Stockholm 12. 

Further information about the Congress will published and circularized 
later. 
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Serum Protein Analysis Electrophoresis and 
the Wolfson-Cohn Chemical Method 


Comparative Study 


Nils Eriksen, Lester Ellerbrook, and Stuart Lippincott 


TIME AND EFFORT has been devoted the problem 
fractionating serum protein simply, reliably, and rapidly, and the 
same time conformity with the free electrophoretic separation into 
albumin and a-, and y-globulins. Much progress has been made, but 
discrepancies remain, especially connection with and 
few years ago Wolfson, Cohn, al. (1) devised relatively simple 
salting-out procedure for estimating the several serum-protein fractions, 
sample. The method involved four direct determinations: 
total protein, albumin, albumin plus and y-globulin. All pro- 
tein concentrations were determined modification the Weichsel- 
baum biuret method. Total globulin, a-globulin, and were 
determined calculation differences between appropriate quantities. 
Popper al. (2), using essentially this method, investigated serum- 
protein partition series cases dominated liver diseases. They 
found that the chemical (Wolfson-Cohn) albumin, total-globulin, and 
y-globulin values, but not the and values, were well cor- 
related with the corresponding electrophoretic values. 

This paper presents our appraisal slightly modified Wolfson-Cohn 
procedure, and attempt clarification the observed discrepancies 
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between the chemical and electrophoretic results. The work was divided 
into three parts: (a) statistical comparison results obtained simul- 
taneous analyses serum the two methods; (b) electrophoretic 
characterization chemical fractions derived from selected serum speci- 
mens; and (c) study the deficiency the usual method calculating 
absolute protein concentrations from electrophoretic patterns, re- 
vealed determinations total serum solids retained dialysis 
membrane. 


COMPARISON CALCULATED CONCENTRATIONS 


The comparison between the electrophoretic and chemical methods was 
based upon serum specimens obtained for the purpose evaluating pro- 
posed diagnostic tests for cancer. these sera, which were routinely 
analyzed for total protein, albumin, and the three globulin components 
the chemical method, 100 were somewhat arbitrarily selected for 
electrophoretic analysis. The blood was drawn from fasting adults, 
whom had malignant neoplasms, had benign neoplasms, had mis- 
cellaneous nonneoplastic diseases, and had known diseases (healthy 
controls). The specimens provided dispersions protein concentrations 
desirable for comparison methods, but the results may slightly 
biased because the specimens did not represent random sample 
pathologic conditions. 


Methods 
Chemical Fractionation 


used the 1948 Wolfson-Cohn method (1) amended for the deter- 
mination albumin (3), with the following additional modifications: 

used biuret reagent containing three times much 
and nine times much NaOH that used Wolfson, Cohn, al. This 
revised reagent insensitive the presence small amounts 
unavoidable contaminant the y-globulin precipitate. 

used standard solutions and reagent blanks corresponding 
salt composition the unknown solutions, whereas Wolfson, Cohn, 
al. used common standard solution for all determinations and reagent 
blank containing the precipitating salt only the determination 
albumin. our experience the color the reagent blank was affected 
not only used precipitate the total-globulin fraction, but 
also used precipitate plus and, addition, 
the intensity the color reaction between the standard protein (human 
albumin) solution and biuret reagent (theirs ours) was increased 
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The blanks and standards were prepared fresh daily and the tests were 
read 19-mm. cuvets 550 Coleman Junior Spectrophotometer 
against the appropriate reagent blanks. 


Electrophoresis 


Analyses were carried out the commonly used pH-8.6 barbital buffer 
the Pearson model the standard Tiselius apparatus, bath tem- 
perature 0°, field strength 8.9 v./em., and serum dilution 
1:5. After 130-minute runs, patterns were recorded the 
Longsworth scanning method, projected with 3-times enlargement, and 
traced. The tracings were subdivided dropping perpendicular the 
baseline from the low point between adjacent peaks. Areas below the 
peaks were measured planimetrically. Absolute concentrations were cal- 
culated proportioning the total-protein value (Wolfson-Cohn biuret 
method) over the whole pattern area, exclusive the boundary anomaly. 
Both ascending and descending patterns were measured but, since there 
proved practically difference between the two insofar correla- 
tion with chemical values concerned, only descending electrophoretic 
values are considered hereinafter. For comparison with the chemical 
a-globulin value, electrophoretic and values for each serum 
were combined. attempt was made subdivide the 
complex. 


Statistical Analysis 


Correlation coefficients were calculated according the product- 
moment method, and standard errors estimate chemical values pre- 
dicted the regression-line equations were calculated from the formula 
values and their correlation coefficient with respect the correspond- 
ing electrophoretic values. 

The mean difference (algebraic signs ignored) between corresponding 
electrophoretic and chemical values was calculated for index nu- 
merical agreement, which not revealed the correlation coefficient 
standard error estimate. 


Results 
Albumin 


The correlation was good, being 0.926 and being 0.245 (7.4 per cent 
the electrophoretic mean) over electrophoretic-value range 
4.39 Gm./100 ml. The chemical values were usually slightly higher than 
the electrophoretic values, and the mean difference was 0.21 Gm./100 ml. 
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a-Globulin 


The correlation was poor, being 0.525 and being 0.208 (17 per cent 
the mean) over the range Gm./100 ml. Excepting three cases, 
the electrophoretic values were higher than the chemical values, and the 
mean difference was 0.51 Gm./100 ml. 


The correlation was poor, being 0.556 and being 0.226 (22 per cent 
the mean) over the range Gm./100 ml. Excepting nine cases, 
the chemical values were higher than the electrophoretic values, and the 
mean difference was 0.33 Gm./100 ml. 


The correlation was good, being 0.914 and being 0.158 (17 per cent 
the mean) over the range Gm./100 ml. The chemical values 
were usually slightly higher than the electrophoretic values, and the 
mean difference was 0.14 Gm./100 ml. 


Comment 


Correlation coefficients obtained Popper al. (2) were 0.874, 0.166, 
0.207, and 0.889 for albumin and a-, and y-globulin, respectively. Our 
coefficients for albumin, and were significantly 
higher than theirs 0.02, 0.001, 0.001, respectively). The differences 
between types cases studied probably account part for the observed 
differences between corresponding correlation coefficients. 

The poor agreement between electrophoretic and chemical a-globulin 
values, considered together with certain results presented Part 
this paper, led statistical comparison the chemical a-globulin 
values with the electrophoretic values, and the chemical 
albumin values with the electrophoretic values. 
The chemical a-globulin values proved well correlated with the 
electrophoretic values 0.527) with the electrophoretic 
total-a-globulin values, and the numerical agreement was much better 
(mean difference 0.17 Gm./100 ml.) than the previous comparison. 
The chemical albumin values, might expected from consideration 
the relative magnitudes involved, were practically well correlated 
with the electrophoretic values 0.921) 
with the electrophoretic albumin values, but the numerical agreement 
was not good (mean difference 0.40) the previous comparison, 
all except four the electrophoretic values having been higher than the 
chemical values. 


338 ERIKSEN AL. Clinical Chemistry 


ELECTROPHORETIC CHARACTERIZATION CHEMICAL FRACTIONS 


potential difficulties interpretation arising from the initial 
conditions separation and the subsequent manipulation required 
prepare the fractions for electrophoresis, characterized electropho- 
retically one more the Wolfson-Cohn fractions derived from several 
serum specimens, none which were included the series Part 
studied particularly the albumin and y-globulin fractions, and did 
not attempt analyze any the ether-coagulated precipitates (total- 
globulin and fractions). 


Methods 
Dialysis 


Wolfson-Cohn fractions were prepared from serum the method re- 
ferred Part and aliquots were pooled provide sufficient material 
for electrophoretic analysis. Centrifuged precipitates were drained, dis- 
solved barbital buffer, and subjected preliminary dialysis against 
barbital buffer reduce the residual salt concentration and then 
second dialysis against fresh portion buffer. Unprecipitated fractions 
were intermittently dialyzed against running, cold tap water (to remove 
the bulk the precipitating salt) and concentrated dialysis bag sus- 
pended before electric fan room temperature. After suitable concen- 
tration they were dialyzed against successive portions barbital buffer 
the case the precipitated fractions. The final volume was measured 
that results could corrected the same dilution that used the 
analysis the whole serum. 


Electrophoresis 


Electrophoresis was done according the description Part with 
the exception that horizontal slit was substituted for the knife-edge 
the scanning procedure. This modification produces 2-edged pattern. 
Both edges were traced and the average area for each component was 
determined. Only descending-boundary averages are reported below, 
avoid corrections for protein concentration gradients the boundary 
anomaly the ascending pattern (4). 


Results 
Aibumin Fractions 


Each the albumin fractions analyzed electrophoretically contained 
not only the nominal component but also component indistinguishable 
from and traces what appeared mainly parts the 
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Table ALBUMIN AND NONALBUMIN COMPONENTS CHEMICAL 
ALBUMIN DETERMINED FROM THREE-TIMES-ENLARGED 
DESCENDING ELECTROPHORETIC BOUNDARIES 


Planimetric areas (cm.?) 


Case Whole serum Albumin fraction 
Albumin a-Globulin Albumin “ex;-Globulin” Other globulin 
15.8 0.7 12.9 0.7 0.4 
14.7 1.4 12.1 1.4 0.8 
14.2 11.3 0.9 0.4 
13.6 1.9 10.4 1.7 0.5 
13.1 2.8 1.9 0.5 
8.1 1.8 5.5 2.0 0.6 


area cm.? equivalent biuret-protein concentration approximately 0.3 
Gm./100 ml., although strict proportionality does not hold. 


complex. Invariably the albumin component derived from 
the solution was smaller than the albumin component the whole 
serum, equivalent dilutions. With one exception, corresponding 
globulin peaks were equal almost equal area. Individual results are 
shown Table Because the somewhat arbitrary demarcation 
components, and the errors tracing and measuring, uncertainty 
least +0.1 cm.? expected the planimetric areas. 

check the possibility loss material during concentration and 
dialysis the solution, determined total protein (biuret) 
three preparations (D. C.) that were analyzed electrophoreti- 
cally, the samples for protein analysis having been recovered from the 
bottom section the electrophoresis cell. The values obtained were 4.78, 
4.09, and 2.36 Gm./100 ml. original serum, respectively. The correspond- 
ing initial values (i. e., the Wolfson-Cohn albumin values) were 4.88, 
4.22, and 2.49 Gm./100 ml. original serum. The apparent recoveries 
biuret-reacting materials were thus 98, 97, and per cent, respectively, 
indicating almost negligible protein losses after the fractionation step; 
prior losses, any, could have been caused precipitation albumin. 
The treatment with and ether might also have liberated such non- 
protein materials lipids and pigments, which could have been extracted 
the ether lost dialysis, the size the albumin peak thereby 
having been diminished. 


Gamma-Globulin Fraction 


the y-globulin fractionation were able account for more than 
per cent the y-globulin, the average, but cases from 
per cent was found the supernatant solutions. Components other 
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Table AND OTHER COMPONENTS CHEMICAL 
FRACTIONATION, DETERMINED FROM 
DESCENDING ELECTROPHORETIC 


Electrophoretic y-globulin Recoveries (% of y-globulin area of whole serum) 
Case Other Apparent 

Concentration Area components total 

(gm./100 ml.) (cm.?) Ppt. Supernatant Total in pot. in ppt. 
J.M. 0.28 1.0 1620 1665 
0.66 2.5 100 120 
1.83 6.7 105 125 


than y-globulin the precipitates more than compensated amount for 
the y-globulin that remained the supernatant solutions. This other 
material consisted dissolved protein retained the unwashed precipi- 
tates, and components actually precipitated with the y-globulin. one 
specimen, from case multiple myeloma (J. M.), large part 
the abnormal protein appeared the y-globulin fraction, although the 
electrophoretic pattern showed only trace y-globulin. The precipitate 
from normal specimen (J. W.) contained per cent the y-globulin 
and small amount other material; the corresponding supernatant 
solution was not examined. Individual results are shown Table re- 
coveries being expressed the nearest 5%. Three sets electrophoretic 
patterns are shown Fig. 


Fig. Descending electrophoretic patterns whole serum (top row), supernatant 
chemical precipitate (middle row), and chemical y-globulin precipitate (bottom 
row). Original serum concentrations represented the patterns are approximately equiv- 
alent, with the exception the y-globulin precipitate Patient C., which represents 
approximately twice the concentrations represented the other patterns. 
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Less extensive investigations were made the fractionation 
procedure, designed precipitate and y-globulins. each three 
soluble fractions analyzed, component with mobility accom- 
panied the albumin and a-globulin, representing from per cent 
the total electrophoretic areas the fractions. 


CALCULATION ABSOLUTE ELECTROPHORETIC CONCENTRATIONS 


The usual method calculating absolute concentrations serum- 
protein components from knowledge their free electrophoretic distri- 
bution and total protein neglects variations the ratio protein 
nonprotein material among the components. Although the possibility 
errors arising from this neglect has been recognized and not infrequently 
pointed out since the first application free electrophoresis serum- 
protein analysis, appears deserve particular emphasis the present 
situation. The demonstration errors with respect the individual frac- 
tions complex procedure, but the varying magnitude the ratio 
protein nonprotein material whole serum, which underlies the prob- 
lem, may easily shown parallel determinations total solids re- 
tained dialysis membrane, and total protein. experiment 
this kind described below. 


Methods 


Total solids retained dialysis membrane (TS) were estimated 
this procedure: measured volume serum (usually 1.00 ml.) was 
pipetted into dialysis bag and washed down with ml. distilled water. 
blank determination was set placing equal volume distilled 
water another dialysis bag. The bags were tied off, suspended ap- 
proximately 500 ml. distilled water contained flask, and kept 
refrigerator for days with once twice daily changes water. 
the end the dialysis period the contents the bags were emptied 
quantitatively into respective 30-ml. beakers that had been previously 
heated cooled, and balanced against each other analytical 
balance. Numerous small portions distilled water were used suspend 
precipitated protein and wash from the sample bag. The blank bag was 
washed the same way give the same total volume water its 
beaker. 

The two beakers were placed oven overnight. The next 
morning the beakers were cooled and again balanced against each other. 
The weight change required achieve balance was recorded the first 
estimate TS. The oven-drying the residues was then resumed, with 
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additional weighings intervals approximately 24, 48, and some- 
times hours after the first weighing. The residue weight usually passed 
through minimal value between the first and last weighings. The lowest 
value was taken the best estimate the the serum sample. 
The blank values, which were automatically subtracted the method 
weighing used, were the order mg. 

Serum specimens from individuals, representing wide variety 
protein patterns, were analyzed for TS. total-protein value (TP), 
the method referred Part and electrophoretic pattern, the 
method described Part II, were also obtained for each specimen. The 
sera were diluted equally for electrophoretic analysis and slight volume 
differences that developed during dialysis were neglected. Total electro- 
phoretic areas were determined from the 3-times-enlarged descending 
patterns, exclusive the boundary anomaly. 


Results 


The respective relationships between and and the electropho- 
retic area are shown Fig. The linear regression lines, calculated 
the method least squares, are drawn in. The plot confirms the expected 
proportionality between and the area, the value corresponding 
zero area (—0.078 Gm./100 ml.) being not significantly different from 


on 


CONCENTRATION, ML. SERUM 


AREA, 


Fig. Plots and vs. electrophoretic area. 
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zero 0.5). The value the TP-intercept (—0.976 Gm./100 ml.) was 
found significantly less than zero 0.02). 

The standard deviation the values about their regression line 
was 0.183 Gm./100 ml., 2.0 per cent the mean value, 8.99 Gm./100 
ml. Some this variation must attributed experimental errors and 
inadequacies. the desired quantities could measured with perfect 
accuracy, the residual variation presumably would determined 
refractive-index-increment variations. One would expect this effect 
small, judging from the results Armstrong al. (5), who found that 
the refractive-index increments unfractioned proteins from normal and 
pathologic plasma specimens did not differ from the mean value for nor- 
mal plasma proteins more than per cent. 

The standard deviation the values about their regression line 
was 0.494 Gm./100 ml., 6.6 per cent the mean value, 7.44 Gm./100 
ml. This relatively large variation was undoubtedly caused deviations 
the nonprotein fraction from the general trend: absolute increase 
but relative decrease with increasing values TP. The values the 
ratio TP/TS ranged from 0.69 0.94. The serum with the lowest value 
was obtained from patient with hypercholesterolemic xanthomatosis 
and that with the highest value, from patient with Waldenstrém’s 
macroglobulinemia syndrome. Specimens from healthy individuals in- 
cluded the series had values from 0.81 0.86, but several specimens 
with abnormal electrophoretic patterns also fell this interval. Even 
those values corresponding the highest values TP/TS failed 
included the range variation the values about their regres- 
sion line. 


DISCUSSION 


fair comparison between the results chemical and free electro- 
phoretic determinations serum proteins would require measurement 
the same material purportedly corresponding fractions. When, 
the present instance, the chemical fractions are analyzed only for the 
simple-protein constituent, the nonprotein materials (lipids, carbohy- 
pigments, etc.) bound the protein, and hence measured electro- 
phoretically, are largely neglected. One should then expect absolute 
agreement only the limiting case which nonprotein material 
absent. other cases electrophoretic areas representing nonprotein ma- 
terial are, the usual method calculation, assigned protein concen- 
trations the expense the rest the pattern, unless the ratio 
protein nonprotein material happens constant throughout the 
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pattern. Since the occurrence constant ratio highly improbable, 
electrophoretic concentrations calculated from simple-protein totals will 
tend become less reliable the fraction nonprotein material in- 
creases. Usually this fraction greater than per cent and some cases 
may exceed per cent. such large fraction concentrated one 
component, for example, all but one component, concentrations 
calculated from the simple-protein total will subject errors con- 
siderable magnitude. put the comparison between the Wolfson-Cohn 
and electrophoretic methods common basis one would have deter- 
mine protein factors for the various electrophoretic components meas- 
ure the total solids (retained dialysis membrane) the chemical 
fractions. 


Phosphate-Turbidity Method 


Quite recently Aull and McCord (6) devised phosphate-turbidity 
method for estimating serum-protein fractions, and compared results 
obtained their method with those obtained the Wolfson-Cohn 
method. They found good correlations the albumin and y-globulin de- 
terminations, but not the and determinations. They 
suggest that their method may measure certain nonprotein materials not 
measured the Wolfson-Cohn method, and that therefore results ob- 
tained the phosphate-turbidity method the determination and 
may found more closely correlated with electropho- 
retic than with the chemical results. This suggestion supported their 
scatter diagrams the total-globulin and values, but not 
the scatter diagram the values, the latter showing general 
trend toward higher values phosphate turbidity. Moreover, the ob- 
served differences between the two methods are caused mainly meas- 
urement different materials, the chemical method must measure 
significant amount material not measured phosphate turbidity, 
because the total-protein values are shown good average numer- 
ical agreement. 


Reasons for Discrepancy between Chemical and Electrophoretic Methods 


Part the true discrepancy between the Wolfson-Cohn and free elec- 
trophoretic fractionations almost certainly may attributed faulty 
fractionation the chemical method. If, the electrophoretic evidence 
suggests, varying amounts a-globulin are included the albumin frac- 
tion, varying amounts are included the albumin-plus-a- 
globulin and the y-globulin fractions, and varying amounts y-glob- 
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ulin fail precipitated the y-globulin fraction, the determinations 
and especially, calculation differences between 
appropriate quantities, would obviously erratic. The fact that the 
chemical values were rule higher than the corresponding 
electrophoretic values could taken further evidence faulty frac- 
tionation, because one would expect the difference the opposite 
direction, owing the relatively large amount nonprotein material 
that usually the fraction. Finally, the chemical a-globulin 
values agreed much better with the electrophoretic values 
than with the electrophoretic total-a-globulin values. Good though 
may be, this numerical agreement should not considered evidence that 
the Wolfson-Cohn and treatments sharply define 
ulin solubility basis; the electrophoretic evidence for overlapping 
distributions too strong. 


Evaluation Wolfson-Cohn Method 


Insofar the clinical application the Wolfson-Cohn procedure 
concerned, the determination albumin seems sufficiently reliable 
recommended for routine use; serious consequences result the 
apparent contamination the albumin fraction with seem 
unlikely. The y-globulin values should perhaps viewed more cau- 
tiously, for here, spite good correlation with electrophoretic values, 
the numerical agreement relatively poorer than the albumin deter- 
mination and appears depend appreciable extent compensa- 
tion fractionation errors, and rare cases completely erroneous 
impression the y-globulin concentration may obtained. Nevertheless, 
high chemical y-globulin value would almost certainly indicate 
increased amount protein somewhere the globulin fraction. one 
could sure that the Wolfson-Cohn y-globulin procedure would rarely 
ever give values above the normal range when the level 
was actually low, would valuable screening procedure for the detec- 
tion agammaglobulinemia hypogammaglobulinemia. The Wolfson- 
Cohn and values, being subject the errors two and 
three other determinations, respectively, must regarded rough 
approximations best. 


CONCLUSIONS 


When one considers, addition the uncertainties already discussed, 
the errors associated with quantitative interpretation (4, and pla- 
nimetry the electrophoretic pattern, and with pipetting, mixing, and 
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colorimetry the Wolfson-Cohn procedure, the surprising thing not 
the lack agreement with respect the determinations and 
ulins, but the generally good agreement with respect the determina- 
tions albumin and y-globulin. Although further improvements will 
certainly forthcoming, doubtful that small group simple 
chemical fractionations will ever devised handle adequately all pos- 
sible serum-protein derangements. 


SUMMARY 


One hundred serum specimens from healthy and diseased adults were 
analyzed for the major protein constituents free electrophoresis and 
the Wolfson-Cohn chemical method. Albumin values obtained the 
two methods were well correlated and were also good average numerical 
agreement. The y-globulin values were well correlated, but were not 
quite such good numerical agreement, percentage basis, were the 
albumin values. The a-globulin values were poorly correlated, were 
also the values. 

Electrophoretic examination some the chemical fractions indi- 
cated that part the discrepancy between the two methods was caused 
faulty chemical fractionation, particularly with respect the globulin 
fractions. 

Determination total solids retained dialysis membrane (TS) 
serum specimens confirmed the proportionality between and the 
electrophoretic-pattern area, and emphasized source error undeter- 
mined magnitude the calculation electrophoretic results from simple- 
protein totals. 
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Note the Identification Alkaloids 
Paper Chromatography 


Guy Nadeau 


1949, Munier and Macheboeuf (1) suggested the use ascending 
paper chromatography for the isolation and identification various 
alkaloids and various organic nitrogen compounds. Their procedure 
was most successfully applied Mannering and his associates (2) 
the detection opium alkaloids urine and tissues. The conditions set 
the latter workers led such interesting results our hands that 
they were used the basis the present study. From the beginning, 
however, was felt that the apparatus, well the technic, could 
somewhat simplified. 


MATERIALS AND METHODS 


The alkaloids selected were atropine, cocaine, codeine, morphine, 
dionine, dilaudid (dihydromorphinone), heroin, strychnine, meperidine 
and papaverine. After the alkaloids (100 2.5% solution ap- 
propriate solvent) had been applied the bottom rectangular sheets 
filter paper, they were chromatographed container made from 
conventional aquarium covered with heavy glass plate. Since variations 
temperature will affect values, thermometer was left the con- 
tainer. The sheets were rolled into cylinder and the edges were held 
with staples. After rise the solvent about em. from the upper 
edge, the paper was dried room temperature with the aid electric 
fan. The sheets were then either sprayed with the reagent use 
ordinary atomizer soaked the reagent solution itself. 

the solvents investigated, n-butanol isobutanol, saturated with 
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B Heroin 


Lorphine Sample 
0.92 
0.83 
0.65 
0.40 by 
ad 
0.15 
periacine Strychnine Unknown Codeine 


Plate 


Codeine 


0.47 


Korphine 


Distribution various alkaloids with acid, following 


saturation paper with aqueous phase solvent. The powdered sample was supposedly 
pure heroin. Result showed that sample (third spot from left) was mixture heroin and 
morphine (first and second spots). Unknown sample (spot center) revealed presence 


morphine (identical and identical coloration with potassium iodoplatinate). 
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\s0-Bv OH- AcOH 
Burreaco,pH 4.0 


Fig. Distribution various alkaloids acid-buffered paper. 


aqueous solution acetic acid vol.; glacial acid, 
vol.; and water, vol., shaken several throughout 3-day period, 
then decanted) gave most satisfactory results, the spots being very 
definite shape and distributed over wide range (Plate and 
Fig. 1). 

Whatman No. and No. filter papers, em., were found 
satisfactory. Spots were somewhat more definite shape with No. 
paper. No. being less retensive, allowed faster rise the solvent—in 
from hours—as compared with hours with No. paper. The 
latter was, however, found more convenient for overnight operation. 

with dilute potassium (2) was found most 
convenient. Five morphine were clearly discernible with this 
reagent. Dragendorff’s reagent? (1, vielded comparable results, but 
the first reagent was preferred, since the color the spots provided 
further information the nature the alkaloid. Identification ultra- 
violet light, being nonspecific for alkaloids, was 

Proper presaturation the paper essential order avoid trailing 
the spots. Best conditions saturation were obtained leaving the 
paper atmosphere saturated with the aqueous phase the solvent 
for hours before dipping the solvent itself. 

Potassium iodoplatinate reagent: Dissolve Gm. chloride ml. 
water, mix with 250 ml. potassium iodide, and add water 500 ml. 

Dragendorff’s reagent: Mix together Gm. bismuth subnitrate, ml. 40% 
potassium iodide, ml. glacial acetic acid, and ml. water. The precipitate that 


forms standing removed filtration. Just before using, mix one part the filtrate 
with two parts glacial acetic acid and three parts water. 
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RESULTS 


values were reproducible for every one the alkaloids selected. 
Morphine and dilaudid reached about the same level, the lowest the 
series, but identification was made possible the different coloration 
given with the iodoplatinate reagent: intense blue with morphine, violet 
with dilaudid. Meperidine and papaverine both rose the highest level 
the series, but the definite lilac tint papaverine was easily dis- 
tinguishable from that meperidine (bluish violet). The other alkaloids 
were distributed between these two pairs. 


N-BUTANOL ———> 


HER 
iSO-BUTANOL 


N-BUTANOL ———> 


3 STRYC-ATR- 
COC-MORPH 


iSO-BUTANOL ———> 


Figs. 2and Two dimensional chromatograms (buffered paper). 
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Alkaloids are more sharply resolved paper which has been previously 
moistened with acid buffer solutions (2, 3). The paper usually dipped 
the buffer and the excess removed pressing between porous paper. 
The solutions assayed are then applied moist paper. This was 
found most inconvenient, first because the solution has dried 
after each deposit, second because the difficulty fashioning the wet 
paper into consistent cylinders. our case, solutions the alkaloids 
were applied the bottom the dry paper which was afterwards rolled 
into cylinder, then evenly sprayed with citrate-phosphate solution 


Figs. Distribution mixtures various alkaloids with codeine (unbuffered 
paper). 
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buffered 4.0. Papers were chromatographed once. Due the 
competitiveness this nonmobile phase, the rise the solvent was 
much slower (from hours), but there was indeed wider and more 
definite distribution spots (see Plate and Fig. 1). 

advantage was found performing two-dimensional chromato- 
grams the conditions the present investigation. Some alkaloids were 
constantly superposed (Figs. and 3). This, however, might have been 
avoided more discriminate choice solvents. 


BIOLOGIC APPLICATION 


Possible application the method biologic material was empha- 
sized the following simplified extraction procedure which allowed the 
detection less than morphine. Two hundred and fifty micro- 
grams the alkaloid were added ml. urine. This was made 
alkaline phenolphthalein with ammonium hydroxide and extracted 
once with ml. isoamyl alcohol. One fiftieth this volume was 
chromatographed. actual determinations, course, urine would first 
acidified and autoclaved effect hydrolysis the conjugated form. 
Codeine was also easily detected, the same procedure, the morning 
urine control subject who had, the evening before, taken tablet 
containing mg. the alkaloid. 


IDENTIFICATION 


order eliminate errors identification, especially exactly 
identical conditions operation are not adhered to, the best policy 
(and our adopted procedure) spot sample the suspected alkaloid 
along with the unknown the bottom the same sheet filter paper 
(Plate and C). Another means avoiding false interpretations, 
add traces the suspected alkaloid the solution assayed. The 
formation two distinctive spots when the sample solution itself had 
given only one, rules out the identity alkaloids (Figs. and 5). 
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Simplified Rapid Technic for the Extraction 
and Determination Serum Cholesterol 


without Saponification 


Julius Carr and Drekter 


and treatment variety clinical states, such arteriosclerosis, 
biliary obstruction, diabetes, liver disease, and nephrosis, well recog- 
nized. However, clinical laboratories are often unable keep pace with 
the growing demand for these determinations because the laborious 
and exacting nature the more reliable technics (19, 23, 24). The need 
existed, therefore, for simple, rapid, yet accurate technic which could 
readily accommodate fairly large number specimens single 
series. 

‘With few exceptions (10, 12, 25, 27, 30), colorimetric methods for the 
determination cholesterol are based upon the original reaction 
Liebermann and Burchard, although they often differ the method 
extraction. Solvent extraction from serum dried plaster paris (11) 
paper (9, 20) cumbersome and tedious. Wet-extraction methods 
employing such solvents ethanol-ether (2, 16, 28), 
acetone (19, and petroleum ether (1, 27) require least two 
additional steps for analysis: removal solvent and its replacement 
medium suitable for color development. Direct extraction chloroform 
(8, 31) achieves considerable simplification technic. However, ample 
evidence (5, 15, 23, 26, 29) exists support Bloor’s finding 
that cholesterol esters produce greater color intensities than does 
equivalent concentration free cholesterol, when the Liebermann- 
Burchard reaction carried out chloroform. Values for total cholesterol 
are, therefore, incorrect when the Liebermann-Burchard reaction 
applied, without prior saponification, extracts serum cholesterol 
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chloroform. Application factor (7, 26) correct for these dif- 

ferences color intensity strictly valid only when analysis for free 
cholesterol also performed, the method Teeri, since can 
shown that correct factor necessarily varies with the ratio free 
total cholesterol. has been found the authors that extraction 
serum cholesterol into acetic anhydride, proposed Drekter, over- 
comes these difficulties. have been able show that acetic 
acid solvent maximum color intensities are pro- 
duced equimolar concentrations free and esterified cholesterol, 
upon treatment with modified Liebermann-Burchard reagent. care- 
ful survey the literature has revealed experimental refutation 
this finding. 

method (13) similar ours has appeared while this work was 
progress. The method quite rapid and convenient, but find that 
when color developed the presence serum proteins, recom- 
mended Pearson, Stern, and McGavack, the values obtained for 
cholesterol are approximately per cent too low. second disadvantage 
the possibility explosive reactions (6), which may result from 
accidental introduction excessive quantity water, when the 
hygroscopic reagent p-toluenesulfonic acid used. view the 
known sensitivity the Liebermann-Burchard reaction changes 
temperature (5, 18, 19), closer control temperature indicated. 

The procedure detailed below, embodying extensive modifications 
direct extraction method with acetic anhydride (4), should fulfill the 
stated need for simple, rapid, yet thoroughly reliable method for the 
determination cholesterol serum plasma. our laboratories 
this method has given consistently satisfactory performance more than 
13,000 analyses during 3-year period. Equally good results have been 
reported other laboratories which have adopted the procedure. 


MATERIALS AND METHOD 
Reagents 


Glacial acetic acid, reagent grade. 

Acetic anhydride, reagent grade. Keep tightly stoppered. 

Concentrated sulfuric acid, reagent grade. Keep tightly stoppered. 

Cholesterol standard, 200 mg. per 100 ml.: Dissolve 0.2000 Gm. re- 
cholesterol, m.p. 148°, approximately ml. glacial acetic 
acid. Dilute with glacial acetic acid exactly 100 ml. 

Sulfuric acid reagent, 1:1 (v/v): Slowly pour 100 ml. 
into Pyrex flask containing 100 ml. glacial acetic acid. 
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Mix the contents gentle rotation until the addition has been com- 
pleted. Allow the mixture cool room temperature before using. 
This reagent stable room temperature for least months. Keep 
well stoppered. 

Dehydrating reagent: Mix ml. H,SO,-acetic acid reagent (1:1) with 
equal volume glacial acetic acid. Transfer dropping 
The reagent stable for least months. 

Instrumentation: Satisfactory results have been obtained with the 
photoelectric colorimeter and with the Junior and 
Universal models the Coleman spectrophotometer. Other photometers 
capable measuring absorbence 620 are probably satisfactory. 


Procedure 


Test Sample 


Accurately pipet 0.2 ml. serum into test tube suitable for centrifuga- 
tion. Thick-walled, lipless tubes, measuring 125 mm. are recom- 
mended. Add 0.8 ml. glacial acetic acid the serum, mix gently and 
allow stand for minutes. 


Serum Blank 


Repeat the above procedure using second 0.2-ml. aliquot serum. 


Reagent Blank 


Add 0.8 ml. glacial acetic acid 0.2 ml. distilled water. 


Standard 


Measure 0.2 ml. cholesterol standard into fourth tube. Add 0.6 ml. 
glacial acetic acid and 0.2 ml. distilled water. Prepare this standard for 
each series determinations. 


Calibration 


calibrate photometer for this procedure, prepare series stand- 
ards measuring 0.1, 0.2, 0.3, 0.4, and 0.5 ml. cholesterol standard 
into separate tubes. Add glacial acetic acid final volume 0.8 ml. 
Finally, add 0.2 ml. distilled water each and mix gently. For highest 
accuracy duplicate standards, accompanying each set determinations, 
are more reliable than occasionally prepared calibration curve. 


Extraction and Deproteinization 


each sample, prepared according the procedures outlined above, 
add ml. acetic anhydride. Adequate mixing achieved allowing the 
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reagent flow freely into each sample without contacting the wall the 
tube. necessary, complete the mixing process imparting rotary 
motion the contents the tube. Precipitation serum proteins com- 
mences after approximately ml. acetic anhydride have been added. 
Centrifuge all serum-containing samples for minutes approximately 
2000 rpm. decantation, transfer the clear supernatant solution 
completely possible into similar tube. Discard the protein precipi- 
tate. Add ml. glacial acetic acid each serum blank only, and set 
aside for photometric reading. 


Dehydration and Development Color 


Allow drop dehydrating reagent fall directly into each solution 
other than the serum blank. Mix rotation. This step accompanied 
marked increase temperature after brief induction period. 
the solution does not become hot within 1-2 minutes, repeat with not 
more than additional drop reagent. Immediately after dehydration, 
transfer each specimen water bath regulated 25°. rectangular 
enameled pot with capacity approximately most inexpensive, 
yet wholly suitable. When the vessel half-filled with water 25°, the 
temperature usually maintained within satisfactory limits, 1°, 
for least hour without further regulation. 

After the contents the tubes have reached bath temperature (ap- 
proximately minutes), pipet ml. acid reagent into 
the tube containing the reagent blank. The reagent should drop directly 
into the solution without touching the wall the tube. Promptly remove 
this tube from the water bath and ensure complete mixing holding 
the upper portion the tube firmly the left hand while imparting 
rotary motion the contents tapping the bottom the tube with 
the fingers the right hand. Replace once the water bath. not 
permit water drop into tubes accidental splashing. With little 
practice the addition reagent and mixing can completed within 
minute. successive intervals following the addition 
acid reagent the reagent blank, repeat this process with 
the standard and with the test sample. maintaining exact intervals 
during color development, followed the same intervals during read- 
ings absorbence, equal periods color development are assured for all 
specimens, even when many samples are analyzed series. 

Transfer the reagent blank suitable photometer cuvet cell. 
Twenty minutes after the addition acid reagent adjust 
the photometer read zero absorbence (or Klett units) against the 
reagent blank 620 (Klett filter No. 62). Read the standard and test 
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specimens successive intervals. Finally, read the absorbence 
value the serum blank. After measurement their absorbences, reac- 
tion mixtures are disposed pouring into large amount water. 
not add water tubes containing these mixtures. 


Calculation 


When photometers which show conformity Beer’s law for this color 
reaction are employed (e.g., Coleman Klett), the average absorbence 
duplicate standards used for the following calculation: 


where absorbence test specimen 
absorbence serum blank 
average absorbence duplicate standards 
amount cholesterol (0.4 mg.) 0.2 ml. standard 
For given value the expression may reduced 
Ds) 
202 
where 
8 
EXPERIMENTAL 


Optimum Conditions for Color Development 


0.4 ml. amount solution containing 200 mg. cholesterol 100 
ml. glacial acetic acid was pipetted into Klett cuvet. this was 
added 0.4 ml. glacial acetic acid, 0.2 ml. distilled water, and ml. acetic 
anhydride. Following the addition drop dehydrating reagent, the 
temperature rose spontaneously after short induction period, 
usually few seconds. After the mixture was cooled 25° water 
cial acetic acid was introduced. The contents the tube were promptly 
mixed and the tube then returned the water bath. Klett photoelec- 
tric colorimeter was adjusted zero reading 620 (Klett filter No. 
62) against reagent blank. Periodic readings color intensity were 
then recorded fixed intervals. 

Similar studies were conducted employing ml. each the fol- 
lowing mixtures the color-developing agent: 50% acetic acid 
(v/v), 75% acetic acid (v/v), and 98-99% (concen- 


1Application the factor 1.01 discussed later section. The factor valid when 
the extract decanted completely possible from 125 mm. tubes. 
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300 


200 


100 


TIME DEVELOPMENT (MINUTES 


Reagents: A——A concentrated 
A——A vols. vol. acetic acid 
vol. vol. acetic acid 
O——O vol. vols. acetic acid 
Temp. 25° 


Fig. Rate color development function sulfuric acid concentration 


trated). The variation color intensity with time development 
shown for each reagent Fig. Although maximum color intensity 
function concentration, evident, too, that color stability 
varies inversely with the concentration this reagent. can also 
seen that the time required for development maximum color intensity 
decreases with increasing concentration reagent consisting 
equal volumes and acetic acid possesses the advantages 
satisfactory sensitivity, adequate color stability, and reasonable period 
for development color (20 minutes). maximum per cent varia- 
tion color intensity observed during the minute interval fol- 
lowing addition the reagent. 


Relation between Cholesterol Concentration and Absorbence 


Varying volumes standard solution containing mg. cholesterol 
per ml. glacial acetic acid were measured into tubes. All volumes were 
adjusted 0.8 ml. the addition glacial acetic acid. Following the 
addition 0.2 ml. water each tube, each determination was com- 
pleted the usual manner. evident from Fig. that Beer’s law 
closely obeyed 620 within the useful operating ranges the Klett 
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Coleman Junior spectrophotometer, 620 my, 19-mm. cuvet 
O——O photoelectric colorimeter, filter no. 62, 14-mm. cuvet 
Final volume solution 6.0 ml., temp. 25° 


Fig. Variation color intensity with cholesterol concentration 


photoelectric colorimeter and the Coleman Junior spectrophotometer. 
These curves have been found closely reproducible for given 
instrument. Although the use these curves for the calibration other 
instruments the same manufacture not recommended, they may 
serve guide expected readings. 


Relative Chromogenicity Free Cholesterol and Cholesterol Esters 


One hundred milliliters 5.17 10-* solutions recrystallized 
preparations. cholesterol (m.p. 148.5°), cholesteryl acetate 
113.5°), cholesteryl stearate (m.p. 79.5°), and cholesteryl oleate (m.p. 
39°) were prepared dissolving 200.0, 221.8, 337.8, and 336.8 mg., re- 
spectively, these substances 100 ml. chloroform. Two-tenths ml. 
each solution was treated successively with 0.8 ml. glacial acetic acid, 
0.2 ml. water, and 4.0 ml. acetic anhydride. Each analysis was then 
completed the usual manner. Samples the same sterol solutions 


| 
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Table READINGS OBTAINED WITH CHOLESTEROL AND 


Proposed method Bloor method 
Substance 


Reading Average Difference,% Reading Average Difference, % 


Cholesterol 199 241 


202 238 

acetate 198 268 
202 200 —0.5 268 268 +12.1 
200 268 

stearate 204 302 
202 204 +1.5 303 302 +26.2 
205 301 

oleate 196 266 
197 197 269 268 +12.1 
197 269 


Table Recovery CHOLESTEROL ADDED 0.2 


Sample Present (mg.) Added (mg.) Found (mg.) Recovery 


0.326 0.200 0.530 100.8 
0.326 0.200 0.524 99.6 
0.326 0.400 0.716 
0.326 0.400 0.728 100.3 


were also treated chloroform with Liebermann-Burchard reagent ac- 
cording modification (14) the original Bloor technic (2). 

From the results shown Table can seen that equivalent con- 
centrations free cholesterol, cholesteryl acetate, cholesteryl stearate, 
and cholesteryl oleate produce essentially equal color intensities when the 
technic described the authors followed. the other hand, when 
color development carried out chloroform, the esters cholesterol 


produce considerably more color than does the free alcohol. 


Recovery Cholesterol Added Serum 


individual 0.2-ml. aliquots serum sample were added 0.1, 
and 0.2 ml. standard solution containing 0.2 mg. cholesterol per 
0.1 ml. acetic acid. Following adjustment the total volume ml. 
the addition glacial acetic acid, each sample was analyzed for cho- 
lesterol the usual manner. Satisfactory recovery added cholesterol 


Effect Illumination Color Development 


Five samples serum were analyzed for cholesterol the procedure 
adopted the authors. During color development, illumination was 
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Table CHOLESTEROL VALUES OBTAINED AFTER DEVELOPMENT 


Specimen 


106 


AVERAGE 


Illuminated 
development 


260 
260 
223 
220 
151 
153 
278 
278 
290 
290 


240 


Cholesterol found (mg. per 100 ml..) 


Dark development 


258 
264 
231 
225 
154 
152 
272 
278 
292 
295 


242 


Deviation. 


» 


Table CHOLESTEROL VALUES OBTAINED THE PROPOSED METHOD 
AND THE SCHOENHEIMER-SPERRY METHOD 


Mg. cholesterol 


per 100 ml. serum 


Schoen- 

Carr- heimer- 

Serum no. Drekter Sperry 
775 115 109 
101 150 143 
783 152 158 
723 153 154 
709 170 181 
159 176 184 
730 177 171 
193 179 178 
999 183 186 
757 208 198 
162 212 219 
743 221 233 
722 232 236 

AVERAGE 


Deviation (% 


+5.5 
+4.9 
—3.8 


Serum no. 


728 
196 
700 
718 
736 
756 
744 
751 


Mg. cholesterol 
per 100 ml. serum 


Schoen- 
Carr- _heimer- 
Drekter Sperry Deviation (%) 
241 242 —0.4 
241 253 —4.7 
250 257 —2.7 
262 261 +0.4 
269 269 0.0 
269 277 —2.9 
280 287 —2.4 
284 294 
291 278 +4.7 
316 312 +1.3 
328 319 +2.8 
336 318 +5.7 
228 228 +3.1 


provided diffused daylight reinforced 1120 watts fluorescent 
room lighting distance feet. duplicate series the Lie- 
bermann-Burchard color was developed dark cabinet. Comparative 


results, summarized Table show that even relatively strong light- 


ing exerts appreciable effect color intensity. 


+0.8 
111 
—2.2 
122 
+0.7 
139 
0.0 
170 
| 
‘ —4.3 
+0.6 
—1.6 
+5.0 
} 
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Comparison Proposed Method with Schoenheimer-Sperry (19) Procedure 


Twenty-five randomly selected samples serum, obtained from hos- 
pitalized patients, were analyzed for cholesterol according the proposed 
technic, well the method Schoenheimer and Sperry. The 
averages duplicate values, listed Table show good agreement 
between both methods. trend toward higher lower values shown 
either procedure. Ten values were higher than the corresponding 
Schoenheimer-Sperry results average 3.4 per cent; fourteen 
values were correspondingiy lower average 3.1 per cent. The 
degree correspondence values for individual samples, obtained 
each method, well the coincidence the average for each group 
(228 mg. per 100 ml.), supports the validity the proposed method. The 
agreement results also demonstrates that extraction serum choles- 
terol complete and that both methods are equally specific for choles- 
terol. The results further confirm the reported finding equal chromo- 
genicity free and esterified cholesterol. 


DISCUSSION 
Functions Reagents Employed 


Although purified free cholesterol and its esters are soluble the usual 
lipid solvents petroleum ether, diethyl ether, chloroform, etc.), 
these solvents are not suitable for the direct extraction esterified and 
so-called free cholesterol from serum. Both forms must first freed from 
their associated lipoproteins before extraction can effected. Mixtures 
ethanol and ether (2, 16, 28) and ethanol and acetone (19, 
23, 24) are effective extracting agents, but these solvents interfere with 
the Liebermann-Burchard reaction. For example, ethanol, the presence 
adversely effects the determination removing considerable 
portion essential acetic anhydride through esterification. These 
solvents, when present, must therefore removed before color develop- 
ment. the other hand, glacial acetic acid well suited direct 
technic for cholesterol, since facilitates quantitative extraction 
serum cholesterol, yet does not interfere with the Liebermann-Burchard 
reaction. 4:1 ratio glacial acetic acid serum suffices for complete 
extraction. Lower ratios may result incomplete extraction and may 
also cause the mixture gel. significant extraction cholesterol 
efiected acetic anhydride alone. 

Acetic anhydride, the presence acetic acid, fulfills the multiple 
functions cholesterol extraction, precipitation serum protein, and 


| 
| 
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furnishing medium suitable for color development. Acetic anhydride 
also facilitates production the necessary anhydrous system before 
addition color reagent (4). Because the intensity color produced 
function the concentration acetic anhydride, adequate control 
this concentration well the total water content essential. 

The deleterious effect the Liebermann-Burchard reaction rela- 
tively small quantities water well known (5, 15, 18). The effect 
due the presence the same system two mutually reactive sub- 
stances: water and acetic anhydride. The addition strong acid, 
the Liebermann-Burchard reagent, such mixture would 
serve catalyze the strongly exothermic hydrolysis acetic anhydride. 
The temperature would rise rapidly that its adequate control, 
essential condition for reproducibility absorbence readings (5, 18, 
19, 22), could not maintained. therefore necessary effect de- 
hydration before color development begun. This may accomplished 
allowing the extract stand overnight room temperature, 
heating the extract for minutes boiling water bath (4), most 
simply means the dehydrating reagent. The quantity H.SO, 
chosen for this purpose sufficient catalyze the reaction between 
water and acetic anhydride, yet not adequate for the initiation 
color development. After dehydration, sufficient excess acetic an- 
hydride available for the Liebermann-Burchard reaction. 

The acid reagent basically modified Liebermann- 
Burchard reagent. designed provide adequate sensitivity and 
stability color for the conditions analysis adopted the authors. 
Compared with mixed anhydride reagents, possesses 
important advantages stability combined with minimum hazard at- 
tendant upon its use. While anhydride mixtures must 
used shortly after they have been prepared (21, 23), the proposed modified 
reagent has shown measurable deterioration during long periods 
storage room temperature. Further, contrary experience with the 
mixed Liebermann-Burchard reagent, violent reactions are occa- 
sioned accidental contamination the modified reagent with water. 
When the reagent added mixture acetic anhydride and acetic 
acid, appreciable rise temperature observed, nearly all the 
heat reaction with these reagents having been previously 
expended during preparation the acid reagent. Develop- 
ment color, therefore, proceeds under essentially isothermal condi- 
tions. 


—— 
| 
| 
} 
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Advantages Deproteinization 


Although have been able apply the proposed technic the 
determination cholesterol without prior removal protein, this 
modification not recommended. the precipitated protein not re- 
moved centrifugation, will eventually redissolve upon addition 
the acid reagent, with simultaneous development the 
characteristic Liebermann-Burchard color. However, this modification 
characterized lower color intensity and higher serum blanks due 
protein-associated pigments. Only about per cent expected Lieber- 
mann-Burchard readings for cholesterol are observed the presence 
serum proteins. similar finding available Fig. the paper 
Pearson, Stern, and 


Use Decanted Protein-free Extract Without Measurement Its Volume 


Ten samples serum were treated weighed tubes with glacial acetic 
acid and acetic anhydride according the described procedure. The 
volume residue which remained each tube after centrifugation and 
decantation, determined weighing and correction for density, 
averaged 0.23 0.02 ml. Thus, whereas the addition ml. 
acetic acid reagent the decanted extract reduces the relative concen- 
tration cholesterol 82.7 per cent the standard, which 
not decanted, correspondingly diluted 83.3 per cent 5/6). 
For accurate results, therefore, small correction factor, 1.007 
0.833/0.827), may applied calculation. The average error attendant 
upon the use this factor less than 0.1 per cent. This device serves 
simplify operations and minimize handling and pipetting some- 
what unpleasant mixture. When tubes dimensions other than those 
recommended are employed, new correction factor should deter- 
mined experimentally. For more critical studies, correction factor may 
dispensed with mixing 4.0 ml. the protein-free extract with 0.8 
ml. acid reagent. 


Determination Free Cholesterol 


The determination free cholesterol not described detail, since 
technics adequate for the isolation the free sterol are available (19, 
22, 24). our the ether-washed precipitate cholesterol 
digitonide (22) dissolved 0.8 ml. glacial acetic acid 70°. After 
the addition 0.2 ml. water and 4.0 ml. acetic anhydride, the 
technic described for total cholesterol followed. 
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Comparative Chromogenicity Free and Total Cholesterol 


must emphasized that all studies the Liebermann-Burchard 
reaction which have demonstrated greater chromogenicity for esterified 
cholesterol were conducted chloroform solutions (5, 15, 23, 26, 29). 
Although may seem reasonable suppose that similar differences 
chromogenicity would also appear acetic anhydride—acetic acid 
medium, the results our studies, summarized Table prove equal 
chromogenicity. Concordant findings have been reported others 
(1, 17). Since side-by-side comparison both sets conditions for 
color development has apparently not been reported, seemed desirable, 
also, apply the Bloor technic (2) solutions free and esterified cho- 
lesterol chloroform. The magnitude the deviations from equal 
chromogenicity chloroform solution, shown Table essen- 
tial agreement with the reported findings others (5, 29). The need 
for saponification cholesterol esters is, therefore, determined the 
nature the solvent which the Liebermann-Burchard reaction 
performed. When the solvent chloroform, saponification step 
required; for color development acetic acid medium 
saponification superfluous. 


Specificity 


direct study the specificity the proposed method has not been 
made, but the work Abell al. may cited this connection. 
application countercurrent distribution technic, these investigators 
demonstrated that more than per cent the material serum which 
responded the Liebermann-Burchard test was actually cholesterol. 
Excellent agreement with the method Schoenheimer and Sperry was 
reported, indicating equal specificity for the latter technic. Table also 
shows equally good agreement between our proposed method and that 
Schoenheimer and Sperry. All three procedures, therefore, appear 
equally specific for cholesterol serum. 


General Considerations 


Success application the technic largely dependent 
upon adequate control the concentration water. The same initial 
volume water, 0.2 ml., should therefore present the standard 
well the test sample. For this purpose, significant error made 
the water content serum assumed 100 per cent. Subsequent 
accidental inclusion water scrupulously avoided. Similarly, all 
stored reagents should kept tightly stoppered bottles. The presence 
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water produces change the proportion acetic anhydride 
acetic acid the final solution. Since 0.2 ml. water reacts with 1.05 
ml. acetic anhydride produce 1.27 ml. acetic acid, the relative 
volumes acetic anhydride acetic acid are altered from 4.0:0.8 
2.95:2.07 upon hydrolysis (or dehydration). For best results this final 
ratio should maintained constant, because the intensity color 
well the rate color development varies with the concentration 
acetic anhydride. 

characteristic the various modifications the Liebermann- 
Burchard reaction that the rate decomposition the derivative 
cholesterol which responsible for color generally quite appreciable 
comparison its rate development. The existence peak, 
place more suitable level plateau, the time-absorbence curve 
necessitates fixed period color development prior absorbence meas- 
urement. The method Schube, which utilizes the presumably more 
stable brown color for measurement has been reported 
produce wide variation results (23). The degree stabilization 
color which attained the present procedure compares favorably 
with other methods. According Fig. the greatest variation ab- 
sorbence 1.1 per cent during the minute interval following the 
addition reagent, and only 0.3 per cent during the 18-22 minute 
interval. Somewhat better stabilization may achieved substituting 
for the 1:1 reagent alternate reagent, prepared with volume con- 
centrated and volumes glacial acetic acid. With this reagent 
maximum variation 0.3 per cent absorbence was observed during 
the interval: 45-55 minutes after initiation color development. This 
modification would useful when specimens are analyzed 
sequence. 

Correction for the blank absorbence normochromic serums rela- 
tively small. However, inclusion serum blank recommended for 
improved accuracy. Because the addition dehydrating reagent occa- 
sionally causes turbidity, this reagent normally omitted from the serum 
blank. Test samples are not affected this turbidity, since disappears 
readily upon addition the acid reagent. When hyper- 
bilirubinemic serums are analyzed, however, the dehydrating reagent 
should added the serum blank, because the modified color 
reagent causes significant alteration the color bilirubin. tur- 
bidity has been observed following the addition dehydrating reagent 
hyperbilirubinemic serums. 

Some modifications the basic procedure have been discussed. They 
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include extension the period color development, desired, 
employing modified color reagent, prepared with volume H.SO, 
and volumes acetic acid. Also, the correction factor, 1.01, may 
eliminated adding 0.8 ml. acid reagent 4.0 ml. 
serum extract plus drop dehydrating reagent. Other modifications 
may readily suggest themselves. When abnormally high cholesterol 
value anticipated, less than 0.2 ml. serum may taken for analysis. 
this instance, water sufficient bring the total volume 0.2 ml. 
added. Microadaptations may applied simply proportional 
reduction the standard volumes all solutions. For example, 0.05 
ml. serum treated with 0.2 ml. glacial acetic acid and 1.0 ml. 
acetic anhydride small tube. After centrifugation, 1.0 ml. clear 
supernatant fluid transferred small cuvet, e.g., Coleman No. 
6-310; then treated with 0.02 ml. per cent solution (v/v) 
acetic acid, effect dehydration. Color developed with 0.2 
ml. acid reagent for minutes 25°. The analysis 
completed the usual manner measuring absorbences the sample, 
suitable standard, and serum blank against reagent blank. 


SUMMARY 


accurate yet simple procedure for the determination total cho- 
lesterol, based upon the application Liebermann-Burchard color 
reaction directly the solvent employed for extraction cholesterol 
from serum, has been described. Extraction cholesterol and removal 
protein are accomplished means acetic acid and acetic anhydride. 
Serum water removed the acid-catalyzed hydrolysis an- 
hydride. The Liebermann-Burchard color then developed with stable, 
modified consisting equal volumes and acetic acid. 

Excellent agreement with the technic Schoenheimer and Sperry 
obtained. Equal intensities color are produced equivalent concen- 
trations free and esterified cholesterol. Preliminary saponification 
cholesterol esters therefore not required. Color development may pro- 
ceed ordinary room lighting without loss accuracy. 
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Multiple Determinations with Moving-Boundary 
Electrophoresis 


Irwin Oreskes and Harold Corey 


ELECTROPHORESIS widely used technic for the 
investigation colloidal systems. limitation this method, however, 
the considerable amount time required for single experiment. 
particularly time consuming where the accumulation large amounts 
data necessary. Furthermore, the majority instruments only 
experiment time, and usually total only 2-3 per day, can 
performed. 

previous publication (1) electrophoresis cell was described 
which two determinations can performed simultaneously. Using such 
dual-analysis cells, the authors have developed procedure for multiple 
electrophoretic analysis which permits such experiments 
performed 8-hour day. 


APPARATUS AND PROCEDURE 


The dual-analysis cell one-piece design and consists two 
U-tubes connected constitute parallel electric circuit whose 
branches are equal path length. separate filling capillary connected 
the base each U-tube. Generally, the cell filled the same manner 
the single U-tube type. However, the boundaries both channels 
must formed simultaneously. the boundaries are formed sequentially, 
the first one cannot halted merely closing off its supply, since the 
movement the second boundary further displaces the first. 


From the Isaac Albert Research Institute, Department Physical Chemistry the 
Jewish Chronic Disease Hospital, Brooklyn, 

are indebted Volk, Director Laboratories, and Saifer, Chief the 
Biochemistry Department, Jewish Chronic Disease Hospital, for their encouragement and 
aid permitting this work performed under grant No. B-285 the Public 
Health Service. 

Received for publication November 22, 1955. 


369 


370 ORESKES COREY Clinical Chemistry 


WITH SCREW CLAMP 


CAPILLARY FOR 
RATE FLOW 
CONTROL 


DOUBLE BORE 
STOPCOCK 


MATCHED 
CAPILLARIES 


Fig. Filling device for dual-analysis cell. 


Filling Device 


Simultaneous boundary formation achieved the use filling 
device (Fig. 1). This consists two matched burets that are controlled 
one large double-bore stopcock that they drain the same rate. 
The burets are connected near the top inverted whose vertical 
limb ends fine capillary that acts brake the flow rate. The 
width between the buret tips and capillaries the dual-analysis cell are 
the same, that for the filling process they are easily connected short 
rubber sleeves. This also minimizes the danger trapping air bubbles. 
The time involved filling the dual cell longer than that required 
fill single cell. the viscosities the two solutions differ greatly the 
flow rates can equalized suitably adjusting the stopcocks the 
cell capillaries. 


Auxiliary Bath 


The technic multiple analyses, employed our laboratory, per- 
mits the performance simultaneous electrophoretic experiments. 
This achieved the use two dual-analysis cells connected series. 
One cell placed the water bath the electrophoresis instrument 
(Aminco Portable) and the other auxiliary water bath (Fig. 2). 
The temperature the auxiliary maintained means ice 
cubes and mechanical stirring. The ice confined one end the water 
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MAIN BATH WIRE SCREEN 


POWER SOURCE MOTOR STIRRER 


DUAL ANALYSIS CELLS 
WITH PROTRUDING ELECTRODES 


Fig. Schematic arrangement cells water baths. 


bath removable wire mesh gate. The bath made copper, 
inches high, and insulated and reinforced with plywood. Current 
for the cell the auxiliary bath obtained splicing wire each 
lead the power supply. The maximum output our instrument 
ma, and since the cells are connected series, this will the current 
through each one. However, the two channels each dual cell are in- 
ternally connected parallel the current will divide proportionally 
the inverse resistance each channel. Since these resistances are virtually 
the same, the current will equally divided and maximum 
can obtained. This ample for most experiments. Where the same 
voltage required across each cell, rather than the same current, they 
need only connected externally parallel. 

When setting simultaneous run the cells are filled with buffer 
the laboratory bench and electrodes inserted. One cell placed the 
instrument water bath and the boundaries formed and photographed. 
Then the cell carefully lifted out and placed the auxiliary bath, 
which already the correct temperature. The second cell now placed 
the instrument bath and, after filling, the two are connected with the 
proper current leads. the end the experiment the reverse order for 
photographing the patterns followed. 


RESULTS AND DISCUSSION 


The development instrumental technic usually follows two paths. 
One the refinement the instrument itself, increasing its analytical 
resolving power. The other the increasing its productivity given 
time period. The procedure described above permits one worker in- 
crease the output one apparatus sixfold. Table shows the results 
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Table RELATIVE PERCENTAGE CONCENTRATION SERUM PROTEIN 
CoMPONENTS 


Three Runs Using Four Aliquots Per Run 


Albumin a ae 8B 
% mean % % mean % % mean % % mean % % mean % 
53.8 7.0 14.4 12.6 12.3 
54.2 14.1 12.4 12.1 
54.7 7.4 12.1 12.0 
54.6 7.0 14.0 12.1 12.3 
54.2 13.9 12.3 12.5 
53.9 7.2 13.8 12.5 12.7 
55.5 6.8 13.6 12.4 
54.8 6.8 13.7 12.8 11.9 
54.2 6.7 13.8 13.1 12.1 
53.3 7.0 13.2 12.6 14.0 
54:2 6.5 13.4 12.4 13.6 
55.1 6.0 13.6 12.1 13.2 
54.8 7.6 13.7 12.1 12.4 
53.9 7.5 13.8 12.5 12.6 
53.0 7.4 13.9 12.8 12.8 
54.6 7.7 12.9 12.9 11.8 
53.9 7.6 13.3 12.6 12.5 
53.2 7.5 13.8 12.4 13.2 
54.2 7.1 13.7 12.5 12.5 
Corr. 0.79 0.34 0.46 0.41 0.46 0.29 0.34 0.18 0.66 0.58 


(single) (paired) (single) (paired) (single) (paired) (single) (paired) (single) (paired) 


left channel; right channel. Odd-numbered experiments done instrument bath; 
even ones done auxiliary bath. 


runs with pooled human serum, using pair dual-analysis cells con- 
taining aliquots per run, all performed single day. The relative 
percentage concentration all components each experiment given. 
can seen that the standard deviations the paired runs consid- 
erably reduced; for example, the case albumin per cent. 
clear that when electrophoretic experiments are done duplicate, 
with the dual cell, considerably greater precision results can ob- 
tained. The range values this series largely due variations intro- 
duced during tracing and planimetry the finished patterns, not the 
prior experimental steps. 

For the past two years the authors have used the auxiliary-bath pro- 
cedure for single, dual, and moving-section cells analyzing wide 
variety colloids. has been very useful for rapidly obtaining statisti- 
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significant protein patterns pathologic and normal fluids. 
emphasized that detectable disturbances are introduced into 
the electrophoretic pattern carefully transferring cell from one water 
bath the other. 


SUMMARY 


procedure has been described for the performance multiple moving- 
boundary electrophoresis experiments. connecting two dual-analysis 
cells series, experiments time and working day may 
performed. 
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The American Board Clinical 
Chemistry, Inc., held its annual meet- 
ing the Haddon Hall Hotel At- 
lantic City April 15, 1956. Five 
clinical chemists, 
passed the examination given the 
Board last October were certified: 
Knowlton Hall, Burkett Mason, 
Harold Persky, Edwin Richardson, 
and Guilford Rudolph. This brings 
the total number certified clinical 
chemists 246. 

complete Directory Certified 
Clinical Chemists available without 
charge hospital departments 
other laboratories engaging clinical 
chemistry. This may obtained from 
Dr. William Wolff, Bowman Gray 
School Medicine, Winston-Salem 

Clinical chemists interested being 
certified should also write for the In- 
structions Applicants for Certifi- 
cation. order considered for 


the Clinical Chemist 


admission the next regional exam- 
inations, which will probably held 
during October, 1956, candidates 
should file their applications imme- 
diately. 

The Board elected the following 
officers for the fiscal year July 1956, 
June 30, 1957: President, Marschelle 
Power, Mayo Clinic, Rochester, 
Minn.; Vice-President, Warren 
Sperry, New York State Psychiatric 
Institute, New York, Y.; and Secre- 
tary-Treasurer, William Wolff, 
Bowman Gray School Medicine, 
Winston-Salem, During the 
above fiscal year, the other members 
the Board will be: Albert Chaney, 
Joseph Harrisson, Robert 
Hill, Clarence Muehlberger, Ar- 
nold Osterberg, Joseph Routh, 
and Harry Sobotka. Members elect, 
whose active membership will begin 
the end the above period, are: 
Archibald and Joseph Gast. 
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BOOK REVIEWS 


Methods Biochemical Analysis 
(Ed.). New York, Interscience Publishers, Inc., 1955, 
Vol. 470 pp. $9.50. 


The second volume Glick’s Methods Biochemical Analysis follows the 
steps the first volume and provides most useful compendium analytical 
methods for the biochemical laboratory. variety subjects (listed here the 
order number articles)—enzymes, proteins, carbohydrates, vitamins, and 
lipids—are treated articles. The selection slightly more concentrated than 
Volume the number pages text about per cent smaller. author’s 
index and cumulative index have been added. 
was pointed out the review Volume (Clin. Chem., (1954)), 
this type publication, reviewing does such active fields as, for example, 
folic acid, cannot remain date. The article tocopherol appears the 
transciption talk, judge from the intimate way which the author ad- 
dresses the reader. Sperry’s masterful article lipide analysis will find im- 
mediate practical application hospital laboratories, but the whole book will 
almost unlimited interest all clinical chemists. Within few weeks ob- 
tained useful and time-saving information such articles Determination 
Serum Glycoproteins and especially color reactions for sugars. congratu- 
late the editor and publishers excellent volume and are looking forward 
its successors. 


Mt. Sinai Hospital, Harry 


Official Methods Analysis the Association Official Agricultural 

Chemists (ed. 8). 

Washington, C., Association Official Agricultural Chem- 
ists, 1955, 1008 pp., $12.00 
this eighth edition, the A.O.A.C. presents its methods revised since the 
publication the seventh edition 1950. All changes methodology adopted 
and including those made the Association’s annual meeting, October, 
1954, are given. 

This edition has been expanded approximately 100 pages, chiefly the 
fields pesticides, flavoring extracts, drugs, microchemical methods, and nutri- 
tional adjuncts, including vitamins. new chapter spectroscopic methods 
and section hormone drugs have been added, well numerous individual 
methods analysis almost every chapter. 
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For those not familiar with the compilation these official procedures, the 
methods are adopted the A.O.A.C. only after collaborative studies demon- 
strate that they are reliable, have convenient practical application and give 
reproducible results the hands professional analytical chemists. These 
standardized procedures are used governmental regulatory agencies, federal, 
state, and municipal, and the regulated industries; specifications, govern- 
mental and private; and research workers agriculture. work which 
recognized throughout the world. 

This book excellent reference source for the chemist who called upon 
perform analytic procedures which may not routine his laboratory. 
Besides providing methodology for purely agricultural assays, provides schemes 
analysis for foods, contaminants, drugs, cosmetics and other material gen- 
eral public use. The chemist most cases given choice analytic procedures 
and may choose the one most suitable with available laboratory facilities 
his disposal. This volume which should every laboratory bookshelf. 


ABSTRACTS 


Editor: ELLENMAE VIERGIVER. Contributors: ANNINO, GLADYS 
HERBERT THOMPSON 


The metabolic effects progesterone man. Landau, 
Bergenstal, Lugibihl, and Kascht (University Chicago, Chicago, 


The administration progesterone approximately physiologic amounts 
50-100 mg. exerted mild moderately intense catabolic influence men 
and women. This response was not mediated the adrenals and there was 
decisive evidence that there was thyroid activation. The accelerated protein 
catabolism appeared effect progesterone itself. Nitrogen losses were 
usually greater patients with adrenal deficiency where the enhanced excre- 
tion was accompanied increase urinary inorganic and cases, 
increase urinary The excretion these constituents was not in- 
creased non-Addisonians. Creatine retention was found only several normal 
subjects. 

The same amounts progesterone induced sharp rises urinary and 
excretion which were considerably greater Addisonians treated with corti- 
coids. The loss exceeded the loss. Subjects with functioning adrenals 
retained and the immediate posttreatment period. Addisonian 
patient, loss urinary and was induced progesterone was given 
prior hormone replacement therapy, but the usual salt loss was observed 

during corticoid treatment. The posttreatment retention salt which occurred 
only normal subjects suggests enhanced secretion salt-retaining corti- 
coids. Such increased adrenal secretory activity could also explain the more 
limited salt losses subjects without adrenal effects—J. Clin. Endocrinol. 
and Metabolism 15, 1194 (1955). (M. R.) 


Thyroid function following hypophysectomy man. Li, 
Rall, MacLean, Lipsett, Ray, and Pearson (Sloan-Ketter- 
ing Institute, New York, 


Thyroid function has been studied patients following complete hypoph- 

ysectomy and patients following incomplete hypophysectomy. Within 

weeks after total hypophysectomy, values for serum PBI and thyroidal 

uptake fell myxedema levels. Clinical hypothyroidism developed within 

weeks following total hypophysectomy the patients. PBI 

level and thyroidal uptake either fell transiently did not change pa- 
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tients with incomplete hypophysectomy. The development both laboratory 
and clinical hypothyroidism appears good index complete hypophy- 
Clin. Endocrinol. and Metabolism 15, 1228 (1955). (M. R.) 
Acute effects intravenous hydrocortisone glucose and insulin 
tolerances, and levels serum and urinary inorganic phosphorus. 
perman (New York University Medical Center, New York, Y.). 


The acute effects the intravenous administration 17-hydroxycorticosterone 
glucose tolerance, insulin tolerance, and the level inorganic serum were 
studied. Infusions the hydrocortisone were administered alone, with oral 
glucose, and with intravenous insulin. During hydrocortisone infusion alone, 
hyperglycemic effect was noted; during the hydrocortisone-glucose tolerance 
test there was consistent decrease glucose tolerance, but anti-insulin 
effect could shown. Profound decreases serum were observed during the 
hydrocortisone-glucose tolerance tests. Decreased eosinophil counts indicated 
that active physiologic effects were achieved. 

Postulated mechanisms for changes glucose metabolism are: (1) increased 
gluconeogenesis; (2) increased peripheral glucose utilization; (8) secretion 
hyperglycemic-glycogenolytic factor from the alpha cells the pancreas; and 
(4) inhibition reflex secretion insulin under induced alimentary hyper- 
Clin. Endocrinol. and Metabolism 15, 1247 (1955). (M. R.) 


Determination methanol body fluids. Stratton (Medical Examiners 
Service, Suffolk County, Boston, Mass.). 


The widespread commercial use methanol and increase the occurrence 
fatal methanol poisonings led study blood methanol levels pro- 
cedure developed the author’s laboratory. Procedure: Place ml. blood 
125 ml. distilling flask, add small fragment paraffin, connect steam 
generator and condenser and steam distill give exactly ml. for Fraction 
and collect the next ml. Fraction check for complete distillation. 
Pipet two 10-ml. aliquots Fraction and the ml. Fraction into sepa- 
rate test tubes and add ml. (85%) and ml. solution. 
Mix and let stand minutes oxidize. Then add ml. saturated 
solution and let stand until bleached. For rapid qualitative test, add one 
the oxidized-bleached aliquots Fraction ml. 1:5 solution and 
ml. reduced fuchsin and let stand. Methanol gives blue-to-violet color. 
For the quantitative procedure, place 100 mg. chromotropic acid ml. 
beaker. Add ml. the bleached, oxidized solution and evaporate dryness 
steam bath. Heat additional minutes. Add ml. conc. and 
heat steam plate for min. Cool, pour into portion distilled water and 
make volume ml. Read 570 against 10-ml. water blank which 
has been similarly treated. Ethanol does not interfere and the color stable. 
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cases methanol poisoning, which were fatal, blood methanol 
levels ranged from 0.01 0.52 Gm. per 100 ml. 

Reagents required: (1) Reduced fuchsin solution: dissolve Gm. fuchsin 
distilled water, add ml. saturated bisulfite solution and acidify with 
ml. This solution allowed stand until bleached, after 
which the sediment removed filtration through glass wool. (2) Chromo- 
tropic acid, disulfonic acid) Matheson Com- 
pany’s P5425 Eastman Organic Chemical P230.—Am. Clin. Pathol. 25, 
1071 (1955). (H. T.) 


self-standardization method for flame spectrophotometric deter- 
mination calcium biologic materials. Rothe and Sapir- 
stein (College Medicine, Ohio State University, Columbus, Ohio). 


Measurements were made with Model Beckman spectrophotometer with 
Model 9200 flame attachment and Model 4300 photomultiplier attachment. 
the authors’ procedure, aliquot the unknown itself used compound- 
ing the standard. The method easy, sensitive, and relatively rapid. Because 
its self-standardizing characteristics, well adapted biologic materials 
widely varying Clin. Pathol. 25, 1076 (1955). 

(H. T.) 


simple calculator for paper strip chromatograms. Durant 
(Portsmouth and Isle Wight Area Pathological Service, Portsmouth, England). 


Details for the construction simple calculator for paper-strip chromato- 
grams are Clin. Pathol. 25, 1094 (1955). (H. T.) 


simple, rapid procedure for the estimation albumin and alpha, 
beta, and gamma globulin serum. Aull and McCord (Medi- 
cal College South Carolina, Charleston, C.). 


simple, rapid method for the determination albumin, and alpha, beta, and 
gamma globulin described which based upon the measurement the tur- 
bidity produced when serum mixed with phosphate solutions specified 
concentrations. Only ml. serum required and one stock phosphate solu- 
tion which diluted for use. Turbidity measurements were made with Cole- 
man Model Spectrophotometer fitted with special adapter take 22-mm. 
test tube cuvets. Results were found correlate closely with those obtained 
the method Wolfson and associates [Am. Clin. Pathol. 18, 723 
Lab. Clin. Med. 46, 476 (1955). (G. D.) 


micromethod for determination serum calcium. Harrison 
and Harrison (Johns Hopkins University School Medicine, Baltimore, 
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micromethod using 0.2 ml. serum for the determination described. 
precipitated the oxalate 4.5 5.0 with mechanical agitation 
achieve complete precipitation min. washing the precipitate 
necessary since excess precipitating reagent and most the serum re- 
moved aspiration the supernatant following centrifugation. The precipi- 
tate then dissolved disodium dihydrogen acid 
(EDTA) solution ethanolamine buffer, 9.5. Using eriochrome black 
indicator, the excess chelating agent measured back titration with standard 
solution microburet. The method gives results close agreement 
with those obtained with the Clark-Collip modification the Kramer-Tisdall 
method. The determination requires hours for Lab. Clin. 
Med. 46, 662 (1955). (G. D.) 


improved palladium chloride method for the determination 
carbon monoxide blood. Allen and Root. (Columbia Uni- 
versity, New York, 


special apparatus consisting two 25-ml. Erlenmeyer flasks joined 
ground-glass connection required. One flask contains the blood sample plus 
ferricyanide-saponin solution. The second flask contains solutions aluminum 
sulfate and palladium chloride. The flasks are sealed together and rotated for 
hours. The contents the second flask are then filtered, treated with KI, and 
the density the resultant color determined 490 my. Results with this 
method agree with those obtained gasometric Biol. Chem. 
216, 319 (1955). A.) 


The determination total base urine with ion exchange resin 
conditioned iodate. Vanatta and Landers, Jr. (University 
Texas-Southwestern, Dallas, 


method for the determination total base serum Chem. 208, 195 
(1954)] has been modified determine total base urine. Total base and total 
fixed base (total base plus ammonia) may determined. The preliminary 
removal phosphates precipitation with ferric alum necessary before 
determining total fixed base. ‘The average error determined replicate 
analyses less than Biol. Chem. 216, 351 (1955). A.) 


flame photometric method for the determination plasma mag- 
nesium after hydroxyquinoline precipitation. Davis (Veterans Adminis- 
tration Hospital, Indianapolis, Ind.). 


new method described for separating from other substances which 
interfere the determination flame photometry. The blood sample 
added oxalate precipitate Ca. After centrifugation the Ca-free plasma 
treated with trichloroacetic acid precipitate proteins. The filtrate treated 
with hydroxyquinoline and incubated precipitate Mg. The precipitate 
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separated and washed with the aid special filter stick. and are effec- 
tively removed the washing process. The dried precipitate redissolved 
acetone-acetic acid mixture and the concentration determined using 
the Beckman oxyhydrogen flame photometer. The results obtained this 
procedure agree with those obtained the titan yellow method.—J. Biol. 
Chem. 216, 643 (1955). A.) 


The mechanism satiety: Effect glucagon gastric hunger con- 
tractions man. Stunkard, Van Itallie, and Reis (New 
York Hospital and St. Luke’s Hospital, New York, Y.). 


The subjects were healthy adults the postabsorptive state. Gastric hunger 
contractions were recorded kymograph means water manometer 
connected Levin tube inflated balloon the stomach. Capillary and 
venous blood samples were analyzed for glucose the Nelson-Somogyi method. 
occasions intravenous injection glucagon (hyperglycemic glycogen- 
olytic factor) single 2-mg. dose, repeated small doses, continuous 
infusion, caused abolition gastric hunger contractions within minutes 
accompanied disappearance the sensation hunger. the same time 
there was marked increase the blood sugar level with increase the 
capillary-venous difference. The return the blood sugar normal was asso- 
ciated with renewal hunger Soc. Exp. Biol. Med. 89, 
258 (1955). (M. K.) 


Clot density determination fibrinogen experimental myocardial 
infarction. Volk, Losner, and Crastnopol Chronic Disease 
Hospital, Brooklyn, Y.). 


rapid method [Losner al. Lab. Clin. Med. 38, (1951)] was used for the 
estimation fibrinogen. Fifty specimens citrated dog plasma were diluted 
with saline 80%, 60%, 40%, and 20%. The clot density differences were 
found linearly related the concentrations fibrinogen and were the 
same for samples human plasma similarly treated. Twenty dogs were 
subjected high coronary artery ligation, low coronary artery ligation, 
and sham operation. The maximum fibrinogen concentration the first 
group animals was 588 mg. per 100 ml., 516 mg. the second group, and 
408 mg. the third. The duration the elevation was longest for the first 
group. These results agree with clinical impressica that the maximum fibrino- 
gen concentration parallels the extent myocardial Soc. 
Exp. Biol. Med. 89, 277 (1955). (M. K.) 


Urinary levels mucoprotein components normal male subjects. 
Hamerman and Hatch (Fitzsimons Army Hospital, Denver, Colo.). 


Data are presented for analyses the high molecular weight material obtained 
dialysis from the urine normal male subjects. The mean values milli- 
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grams per hours were follows: nitrogen, 35.89; fucose, 6.18; total hexos- 
amine, 28.90; total hexose, 38.43; and hexuronic acid, 5.81. With phosphotungstic 
acid precipitation the values for total hexosamine and hexose were 14.04 and 
14.14 mg. per hours, respectively.—Proc. Soc. Exp. Biol. Med. 89, 279 (1955). 

(M. K.) 


Determination, recovery, identification and renal clearance conju- 
gated adrenal corticoids human peripheral blood. Bongiovanni 
and Eberlein (University Philadelphia, Pa.). 


Freshly drawn plasma was added 2.5 volumes 95% ethanol, and the pre- 
cipitate was removed filtration centrifugation. After the ethanolic solu- 
tion had been evaporated dryness with air 45°, volume water equal 
the original volume plasma was added the residue, and the mixture was 
extracted times with volume distilled methylene chloride. The extract 
was evaporated dryness and the residue was chromatographed florosil 
according Nelson and Samuels Clin. Endocrinol. and Metabolism 12, 519 
(1952)] remove free corticosteroids. The aqueous phase was incubated with 
acetate buffer (0.1M, 4.5) and 300 500 units beta-glucuronidase per ml. 
37° for hours. was then extracted with methylene chloride and chromat- 
ographed florosil above. each residue was added 0.25 ml. absolute 
alcohol and 0.75 ml. Porter-Silber reagent (65 mg. phenylhydrazine hydro- 
chloride 100 ml. 62% v/v After being allowed stand the dark 
room temperature for hours, the chromogens were read the Beckman 
spectrophotometer 370, 410, and 450 Compounds and and 
their reduced tetrahydro derivatives are equally chromogenic. Data are pre- 
sented show that satisfactory reproducibility and recoveries are obtained 
with tetrahydro-E. 

Blood levels conjugated corticosteroids excess mg. per 100 ml. 
plasma associated with only small increase the free fraction were found 
human subject after the oral administration large doses tetrahydro-E 
(free alcohol). The material isolated from blood was identified tetrahydro-E 
with second component, possibly the 20-reduced derivative. The free corticos- 
teroids were cleared average rate 11.2% and the conjugated 71.0%, 
compared Soc. Exp. Biol. Med. 89, 281 (1955). 

(M. K.) 
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VISITING HOSPITAL LABORATORIES FOREIGN 
countries, one impressed the remarkable variation techniques, 
choice methods, indication for certain determinations and evalu- 
ation results. 

However, because clinical chemistry world-wide affair, the results 
and figures are distributed many countries, despite the fact that they 
are not strictly comparable. Thus from the technical point view alone, 
there justification for establishing strong international contact be- 
tween the clinical chemists every country the world. 

But reasons. Few investigators have been adequately aware 
the revolutionary development chemical methods clinical work 
and their increasing importance diagnosis and therapy. The problems 
facing clinical chemists are essentially the same every country and 
international contact is, under these conditions, great importance. 
step that direction the foundation this international journal 
clinical chemistry. will attempt play its part the work 
synthetizing the efforts and achievements clinical chemists through- 
out the world. hope will real service establishing con- 
tact and developing mutual understanding between workers this 
field, bringing about standardization methods, furthering the 
exchange ideas, and promoting research, that the journal will 
benefit everyone charge hospital laboratory clinical chemical 
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SPECTROPHOTOMETRY 


Coleman Jr. (MODEL 
SPECTROPHOTOMETER 


For rapid, routine analysis, control and research where only 
spectrochemistry is worked. Complete with plastic light shield, 
mounting pads, transmittance-density scale, operating direc- 
tions and constant voltage transformer. For use on 110-120 volts. 
60-cycle. A.C. only. 

$460 


Coleman Universal 14) 
SPECTROPHOTOMETER 


A multi-purpose instrument for spectrochemistry that can be 
adapted for photofluorometry, nephelometry and sectro and 
electro titrations. Supplied with top-e: arrier, filter, transmittance- 
density scale, mounting pads, operating direc tions and constant 
voltage transformer. For use on 110-120 volts, 60-cycle. A.C. only. 


$635 


COLEMAN FLAME 
PHOTOMETER 


Measures Sodium, Potassium AND CAL- 
CIUM directly, easily and accurately 


New and Exclusive Atomizer-Burner . . . Burns common illumi- 
nating gas or propane with oxygen for a stable high-temperature 
flame. No explosive tank gas required. Safe in the most inex- 
perienced hands. 


Simple Direct-Coupled Optics... No slits to adjust...no 
mirrors or prisms to align. Optical filters provide spectral iso- 
lation. 


Direct Reading ... Without internal standards. High tempera- 
eliminates need for chemical 


ture flame gives full excitation... 
additives such as lithium. 


SCIENTIFIC 


NEW YORK 


Easy to Use... &: Safe in any laboratory. The Coleman Flame 
Photometer is as safe and easy to use as a Bunsen burner, Flame 
will not blow out or flashback, and pressure adjustments are 
not critical. 


Lowest Cost... Highest Value... The 
tometer is ready to operate with any modern Coleman Pho- 
tometer...Junior Spectrophotometer, Universal Spectro- 
photometer, Electric Colorimeter, Photo-Nephelometer or 


Nepho-Colorimeter. 


Coleman Flame Pho- 


For users who prefer to conduct flame analysis independent of 
rmcved procedures or who do not have available one of the above 

Coleman instruments, a separate indicating instrument... the 
Coleman Galv-O-Meter is offered. 


FISTER’S MANUAL STANDARDIZED 

PROCEDURES FOR SPECTROPHOTO- 

METRIC CHEMISTRY—The ace for the 
Coleman the Clinical Laboratory. 


Contains 224 METHODS for the determination of 115 SUB- 
STANCES in various biological fluids. Includes 115 CALIBRA- 
TION CURVES and 6 CHARTS. 339 TESTS can be performed 
from the 728 PAGES of this manual that will pay for itself many 
times over. The most complete clinical manual of its kind. 


$30.00 
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SPECTROPHOTOMETER PLUS 
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assures the user the most accurate and simplest way possible 
to achieve the ultimate results in clinical chemistry. Years of 
analytical procedures have been built around the Coleman 
Spectrophotometers— Years of service have proved their ability 
to increase output and to lower costs in the laboratory! 


Don’t Gamble 


with spectrophotometric 
determinations . . 


. Get the Winning Hand: 
WRITE FOR DESCRIPTIVE BULLETIN 


LABORATORY 
APPARATUS 


REAGENTS 
AND 
CHEMICALS 


808 BROADWAY 


The Winning 
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